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The  Compton  Hill  Reservoir  has  been  classifed  as  being  of  high  hazard 
potential  under  provision  of  Public  Law  92-367  by  the  St.  Louis  District, 
Corps  of  Engineers.  This  report  represents  an  evaluation  of  potentially 
hazardous  conditions,  based  upon  a  study  of  available  engineering  data  and 
limited  site  inspection  by  engineering  personnel  of  Horner  i  Shifrin,  Inc., 
Consulting  Engineers,  under  contract  to  the  St.  Louis  District,  Corps  of 
Engineers.  Evaluation  of  this  facility  was  performed  in  accordance  with  the 
"Phase  I"  investigation  procedures  prescribed  in  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams",  dated  May  1975. 


The  following  summarizes  the  findings  of  the  visual  inspection.  Due  to 
the  fact  that  the  reservoir  is  closed  (a  roof  covers  both  storage  basins)  and, 
since  the  level  of  the  reservoir  is  not  subject  to  change  as  a  result  of  storm 
water  runoff,  the  usual  analysis  of  spillway  capacity  and  overtopping 
potential  was  not  required.  The  hydraulic  level  of  the  reservoir  is 
controlled  by  pumping.  The  level  is  affected  by  user  demand  and  by  reservoir 
leakage.  Based  on  the  visual  inspection  and  primarily  due  to  the  deteriorated 
condition  of  portions  of  the  concrete  walls  about  the  perimeter  of  the 
reservoir,  the  present  general  condition  of  the  reservoir  is  considered  to  be 
somewhat  less  than  satisfactory.  Although  not  considered  to  be  an  item  that 
could  affect  the  safety  of  the  reservoir,  the  reported  structural  condition  of 
the  roof  support  system  at  the  north  basin  could  have,  should  collapse  of  a 
portion  of  the  roof  occur,  an  adverse  effect  on  the  future  operation  of  the 
reservoir. 


i 


According  to  the  criteria  set  forth  in  the  recommended  guidelines,  the 
size  classification  of  the  reservoir,  based  on  the  height  of  the  reservoir 
relative  to  the  surrounding  ground  and  storage  capacity,  is  intermediate. 

A  review  of  available  data  did  not  disclose  that  seeoage  and  stability 
analyses  of  the  embankment  about  the  reservoir  were  performed  in  accordance 
with  criteria  prescribed  in  the  recommended  guidelines.  This  is  considered  a 
deficiency  and  should  be  rectified.  An  extensive  stability  investigation  of 
the  north  side  of  the  reservoir  was  made  by  the  Missouri  State  Highway 
Department  prior  to  construction  of  Interstate  Highway  AA.  However,  Lhis 
investigation  was  performed  primarily  for  the  purpose  of  determining  the 
stability  of  the  retaining  wall  to  be  constructed  along  the  south  side  of  the 
highway  adjacent  to  the  reservoir,  and  did  not  include  the  possibility  of 
failure  of  the  reservoir  embankment.  As  a  matter  of  record,  it  is  recommended 
that  the  Owner  obtain  a  copy  of  the  Highway  Department  report  describing  these 
investigations  and  the  results  of  the  analyses  performed. 

The  Compton  Hll  Reservoir  is  located  in  a  highly  populated  area  of  south 
St.  Louis.  Failure  of  the  embankment  and/or  exterior  wall  of  the  reservoir 
could  result  in  loss  of  life,  serious  damage  to  houses,  and  extensive  damge  to 
industrial  and  commercial  facilities,  important  public  utilities,  or  main 
highways. 

It  is  recommended  that  the  Owner  take  the  necessary  action  in  the  near 
future  to  correct  the  deficiencies  and  safety  defects  reported  herein. 
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NATIONAL  0AM  SALT lY  PROGRAM 
['OMPTON  Ml  LI-  RESERVOIR  -  MO  316P6 
SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority .  The  National  Dam  Inspection  Act,  fhjblic  Law  92-367,  dated 
8  August  1972,  authorized  the  Secretary  of  the  Army,  tliruugh  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams  throughout  the 
United  States.  Pursuant  to  the  above,  the  St.  Louis  District,  Corps  of 
Engineers,  directed  that  a  safety  inspection  of  the  Compton  Hill  Reservoir  be 
made. 

b.  Purpose  of  Inspection.  The  purpose  of  this  visual  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  above  reservoir  with 
respect  to  safety  and,  based  upon  available  data  and  ttiis  inspection, 
determine  if  the  reservoir  poses  an  inordinate  danger  to  hunian  life  or 
property . 

c.  Evaluation  Criteria.  This  evaluation  was  performed  in  accordance 
witn  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Recommended 
Guidelines  for  Safety  Inspection  of  Dam.-,"  Appendix  D  to  "Report  to  the  Chief 
of  Engineers  on  the  National  Program  of  Inspection  of  Non-Federal  Dams",  dated 
May  1975. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Reservoir  and  Appurtenances.  The  Compton  Hill 
Reservoir  is  a  rectangular  shaped  structure  approximately  503  feet  wioe  and 
836  feet  long  at  the  top.  The  reservoir  contains  potable  water  for  urban 
use.  Water  is  contained  within  an  inverted  trapezoidal  basin  by  a  continuous 
section  consisting  of  an  earthen  embankment  and  a  10-foot  high  concrete  wall, 
which  extends  above  the  crest  of  the  embankment.  The  height  of  the  embankment 
varies,  but  record  drawings  indicate  it  to  be  approximately  26.5  feet  above 


the  toe  of  slope  of  tne  interior  siOe.  »a  center  wall  A-paiater  tiie  reservoir 
into  two  equal  sections,  the  nortti  hasin  anii  the  sootlt  nasiti.  A  concrete  roof 
supported  by  concrete  beams,  which,  ir,  turn,  are  suppurtei’  tjy  concrete 
columns,  covers  the  entire  reservoir.  At  nurrnai  nigh  v.viter  level,  the 
reservoir  contains  approximately  88  million  gallons,  wiiich  is  equivalent  to 
about  270  acre-feet  of  water.  A  general  plan  of  the  reservoir  prepared  prior 
to  tne  construction  of  the  roof,  is  shown  on  St.  Souis  Water  Works  Drawing 
3730  and  is  included  herein,  referetice  Plate  3.  An  overview  photograph  of  the 
reservoir  taken  during  tne  inspection  is  sho'wn  following  tfie  preface  at  tfe' 
beginning  of  the  report. 

A  survey  conducted  as  a  part  of  this  inspection  indicateu  the  earth 
embankment  about  the  reservoir  to  vary  in  height  from  ap-prox imately  21  feet 
above  the  original  ground  elevation  at  tne  soutiiwest  corner  of  the  structure 
to  about  3A  feet  at  the  noctheast  corner  of  tfu;  structure.  However, 
excavation  in  1969  for  the  construction  of  Interstate  Highway  AA  near  the 
north  end  of  tfie  reservoir  resulted  in  an  increase  in  tne  nelglit  of  ttie 
earthen  section  at  this  end  to  about  AO  feet  above  the  roadway  pavemc-nt.  A 
retaining  wall  up  to  21  feet  high  extends  alonq  Highway  "-AA  to  retain  the 
earth  bank  along  the  cut  sectiori  of  the  hiqhw.ay.  The  isjrvey  also  inaicat'  O 
that  outside  tlie  reservoir  wall,  the  embankment  has  a  top  width  of  about  i8 
feet  and  a  slope  of  about  Iv  on  2. Oh,  altliouqh  the  slope  steepens  to  about  Iv 
on  1.9h  in  some  locations.  According  to  record  drawings,  the  slope  of  the 
inside  face  of  the  embankment  is  iv  on  1.5h.  The  interior  face  is  protected 
by  macadam,  rock  pavement,  and  two  layers  of  concrete  slab  with  five  layers  of 
felt  covered  asphalt  sandwiched  between  the  two  slabs.  A  puddle  core  of  clay 
constructed  along  the  centerline  of  the  embankment  serves  as  a  seepage 
cutoff.  A  clay  puddle  seepage  cutoff  that  joins  the  clay  puddle  core  of  the 
embankment  at  about  its  base,  lies  beneath  the  floor  and  sloping  bottom  of  the 
structure.  A  cross-section  of  the  embankment  includir.ci  Highway  I-AA  is  shown 
on  St  Louis  Water  Division  Drawings  A5D6,  A537  and  A5A3,  reference  Plates  17, 
18  and  19.  Cross-sections  of  the  embankment  obtained  by  survey  during  the 
inspection  are  shown  on  Plcates  20,  21,  and  22,  and  the  locations  of  the 
sections  are  indicated  in  plan  on  Water  Division  Drawing  3730,  reference  Pla^e 
3. 
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According  to  the  cronstruct ion  drawings  provided  Py  the  Water  Division,  the 
concrete  wall  about  the  reservoir  extends  IfJ.G  feet  above  the  intersection  of 
the  original  sloping  sides  of  the  Ijosin  and  the  inside  face  of  ttie  wall.  The 
top  of  the  wall  is  also  about  9.5  feet  above  the  ground  surface,  or  crest  of 
the  embankment,  on  the  outside  of  the  wall,  and  approxiiiiately  38.5  feet  auove 
the  low  point  of  the  bottom  of  tiie  reservuir.  Ifie  footir-g  of  the  outside  wail 
is  supporteo  by  concrete  piles.  A  continuous  steel  sheet  pile  se-epage  cutcff 
extends  from  within  tiie  footing  to  btdrcck.  The  cunci‘’te  division  wall  that 
separates  tiv  north  and  souti'i  basins  is  a  gravity  section  also  supported  b-y 
concrete  piles.  A  continuous  concrete  wall,  or  diaphragm,  ‘'or  seepage  cutoff 
extends  from  the  outtom  of  the  w.iU  to  oeiJrock.  Details  of  the  ,;>:Lerioi  walls 
and  division  wall  are  shown  on  St.  Louis  Water  Works  Drawings  111k,  3735,  anp 
3807,  reference  Plates  3,  6  and  7.  Soil  oorings  obtainc-u  along  the  alignment 
of  the  exterior  walls  are  shown  on  Drawing  3731,  reference  folate  k. 

A  gate  chamber  is  located  at  boln  ends  of  ttie  olvision  wall  to  allow 
isolation  of  the  north  and  south  basif'S  and  to  provide  some  degree  of  control 
of  inflow  and  outflow  from  the  reservoir.  A  remotely  controlled,  motorized 
sluice  gate  is  located  at  each  of  the  openings  for  the  intake  and  outlet 
pipes.  In  all,  there  are  three  pipes,  two  on  the  east  side  and  one  on  the 
west  side,  that  supply  the  reservoir.  Depending  on  water  main  pressure,  these 
three  pipes  can  also  serve  as  reservoir  outlets  along  with  a  fourth  pipe  that 
connects  to  the  west  side  of  the  structure.  Both  chamijors  also  contain  four 
manually  operated  sluice  gates,  two  from  eacli  basin,  in  order  to  control  flow 
into  or  out  of  the  basins.  The  east  gate  chamber  contains  an  inner  chamber, 
which  drains  to  a  20-inch  diameter  pipe  sewer.  This  inner  chamber  is  provided 
to  drain  the  basins,  provide  an  outlet  for  basin  overflow,  and  to  serve  as  an 
inlet  for  stormwater  runoff  from  the  roof  of  the  reservoir.  The  overflow 
openings  at  the  inner  chamber  are  l.A  feet  high  and  6.0  feet  wide.  Two 
manually  operated  sluice  gates,  one  from  each  basin,  control  flow  from  the 
basins  to  the  inner  chamber.  St.  Louis  Water  Works  Drawing  3750,  reference 
Plate  3,  shows  a  plan  of  the  reservoir  including  the  gate  chambers,  and 
Drawing  3807,  reference  Plate  7,  shows  details  and  sections  of  the  two  gate 
chambers  as  well  as  a  profile  of  the  division  wall. 


A  five  inch  thick  concrete  roof  supported  by  beams  and  columns  covers  the 
entire  reservoir.  At  one  time,  tennis  courts  occupied  a  portion  of  the  south 
half  of  the  reservoir  roof.  The  tennis  courts  have  been  removed,  but  the 
stanchions  for  lighting  the  area  still  remain.  The  reservoir  roof  is  normally 
accessed  via  a  stairway  leading  to  the  gatehouse  on  the  west  side  of  the 
structure.  Other  stairways  located  at  the  corners  of  the  structure  and 
leading  to  the  roof  are  not  normally  used.  Manholes  and  hatchways  located  in 
the  roof  serve  to  provide  access  to  the  interior  of  the  reservoir  basins.  A 
general  plan  and  sections  of  the  roof  are  shown  on  Water  Division  Drawing 
4471,  reference  Plate  8. 

b.  Location.  Compton  Hill  Reservoir  is  located  within  the  City  of  St. 
Louis,  just  southeast  of  the  intersection  of  Grand  Boulevard  and  Interstate 
Highway  44,  as  shown  on  the  Regional  Vicinity  Map,  Plate  1.  The  reservoir  is 
located  within  U.S.  Survey  Number  2498  in  Section  21,  Township  45  North,  Range 
7  East.  As  indicated  by  the  topography  shown  on  Plate  2,  the  reservoir  site 
is  located  at  about  the  natural  high  point  of  the  surrounding  area. 

c.  Size  Classification.  The  size  classification  based  on  the  height  of 
the  reservoir  relative  to  the  elevation  of  the  surrounding  ground,  and  storage 
capacity,  is  categorized  as  intermediate.  (Per  Table  1,  Recommended 
Guidelines  for  Safety  Inspection  of  Dams.)  An  intermediate  size  impoundment 
is  classifed  as  having  a  height  less  than  100  feet,  but  greater  than  or  equal 
to  40  feet  and/or  a  storage  capacity  less  than  50,000  acre-feet,  but  greater 
than  or  equal  to  1,000  acre-feet. 

d.  Hazard  Classification.  The  Compton  Hill  Reservoir,  according  to  the 
St.  Louis  District,  Corps  of  Engineers,  has  a  high  hazard  potential,  meaning 
that  if  the  reservoir  should  fail,  there  may  be  loss  of  life,  serious  damage 
to  homes,  or  extensive  damage  to  agricultural,  industrial  and  commercial 
facilities,  important  public  utilities,  main  highways,  or  railroads.  Since 
the  reservoir  facility  is  located  in  a  highly  populated  area  of  south  St. 
Louis,  failure  of  the  embankment  and/or  exterior  wall  of  the  resevoir  could 
result  in  loss  of  life,  serious  damage  to  homes,  and  extensive  damage  to 
industrial  and  commerical  facilities,  important  public  utilities,  or  main 
highways. 
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Ownership.  The  reservoir  is  owned  by  the  City  of  bt.  Louis.  Den  C. 
Guilfoy  is  the  Director  of  Public  Utilities  for  the  City  of  St.  Louis  and 
Raymond  F.  Walters  is  Acting  Co.iimissioner  of  tiie  Water  Divisicn.  Mr. 

Guilfoy's  address  is  Room  311,  C’^y  Hall,  Tweli'th  &  Market  Streets,  St.  Louis, 
Missouri  63103.  Mr.  Walter's  address  is  16A0  South  Kingshignwriy ,  St.  Louis, 
Missouri  63110.  Stanley  T.  Fletcher,  Division  Engineer,  Design  and 
Construction  Section,  Joseph  J.  Kamrrerer,  Jr.,  Assistant  Division  Engineer, 
Design  and  Construction  Section,  and  Thomas  A.  Rothermich,  Divisicn  Engineer, 
Operating  Section,  all  of  the  City  of  St.  Louis  Water  iJivision,  served  as  the 
Owner's  representatives  during  the  course  of  the  investigations  reported 
herein. 

f.  Purpose  of  Reservoir.  The  reservoir  impounds  potable  water  to 
satisfy  peak  demands  and  provide  capacity  for  fire  fighting. 

g.  Design  and  Construction  History.  According  to  a  brass  plague  that 
had  been  placed  at  the  reservoir  site  and  now  lies  in  storage  at  the 
Kingshighway  Avenue  Office  of  the  Water  Division,  the  original  embankment  and 
slope  protection  was  constructed  from  1868  to  1870  by  the  Murphy-Henderson 
Company,  a  St.  Louis  Contractor.  The  plaque  also  indicated  that  Thomas  J, 
Whitman  was  Chief  Engineer  for  the  project  and  James  P.  Kirkwood  was  the 
Consulting  Engineer.  Construction  plans  were  available  at  the  Water 
Division's  office,  but  due  to  the  rather  fragile  condition  of  these  plans, 
they  were  not  removed  from  their  file  drawers.  They  were,  however,  reviewed 
by  the  inspection  team.  Engineering  design  data  relating  to  this  phase  of 
construction  of  the  reservoir  were  unavailable. 

Another  plaque  in  storage  indicated  that  the  reservoir  was  reconstructed 
during  1915  and  1916  by  the  Hiram  Lloyd  Building  Construction  Company. 
According  to  the  plaque,  Gordon  0.  Black  was  the  Engineer  in  charge  of  the 
project,  and  a  firm  by  the  name  of  Roth  &  Sturdy  were  the  Architects. 

According  to  Mr.  Kammerer  and  plans  on  file  with  the  Water  Division,  the 
exterior  concrete  walls,  the  interior  division  wall,  and  the  concrete  slabs 
and  waterproofing  on  the  interior  slopes  and  bottom  of  the  reservoir  were 
constructed  at  this  time.  Detailed  engineering  computations  for  design  of  the 
walls  were  available  at  the  Kingshighway  Avenue  Office  of  the  Water  Division. 


Several  drawings  relating  to  the  reconstruction  of  the  reseivoir,  reference 
Plates  3  through  7,  are  included  herein. 

Mr.  Kammerer  reported  titat  the  concrf.'tc  roof  covering  Ltie  reservoir  was 
constructed  in  1933.  With  the  exception  of  several  drawings  sfiowing  details 
of  the  roof  and  supports  prepared  by  the  Water  Division,  infonnation  regarding 
the  design  of  the  roof  was  not  available.  A  drawing  showing  the  roof  and  its 
supporting  members,  reference  Plate  8,  is  included  herein. 

h.  Normal  Operational  Procedure.  The  level  of  the  reservoir  fluctuates 
depending  upon  main  pressure  and  user  demand.  The  reservoir  is  supplied  with 
potable  water  by  pumping  from  the  City's  Chain  of  Rocks  Treatment  Plant 
through  what  is  referred  to  as  the  Compton  Hill  Reservoir  System.  However,  it 
can  also  be  supplied  through  a  number  of  bleeder  valves  that  connect  to  the 
City's  Stacy  Park  Reservoir  System.  The  Compton  Hill  System  is  termed  a  low 
service  system,  whereas  the  Stacy  Park  System  is  a  high  service  system.  The 
Chain  of  Rocks  Plant  is  located  on  the  west  side  of  the  Mississippi  River  at 
about  river  mile  190,  which  is  approximately  10  miles  north  and  3  miles  east 
of  the  reservoir.  The  Stacy  f^ark  Reservoir,  which  stores  potable  water 
supplied  by  the  Howard  Bend  Trt?atment  !Mant  locateu  oc  Ltn;  Missouri  River,  is 
located  approximaiely  9  miles  west  anu  4  miles  north  of  tlie  reservoir. 

Pumping  rates  to  ttie  reservoir  are  inc:rea:..ed  at  niyfa  and  on  weekends  to  take 
advantage  of  off-peak  electrical  costs.  Historically,  tiie  water  level  witfiin 
the  reservoir  is  at  its  maximum  elevation  following  werkends,  lowers  during 
the  day,  rises  at  night,  and  is  at  it<-.  lowest  a], ovation  just  prior  to  the 
weekend.  Unusual  water  demands  suc!i  as  ttiat  caused  by  tire  fighting  may  cause 
deviation  from  the  normal  operating  proceuuri^s.  The  relative  locations  of  the 
Howard  Bund  Plant,  the  Stacy  Park  Reservoir,  ttie  Cfiain  of  Rocks  Plant,  ano  the 
Compton  Hill  Reservoir,  along  with  water  mains  larger  tlian  12  inches,  are 
shown  on  Water  Division  Drawing  Exliibit  A,  reference  Plate  9. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  The  reservoir  tias  no  inflow  due  to  precipitation  and 
resulting  runoff.  The  reservoir  is  covered  by  a  rooT,  and  roof  drainage  is 
sewered . 
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b.  Discharge  at  Reservoir. 

(1)  Reservoir  inflow/cutflow  ...  Unknown 

(.')  Drain  capacity  ...  '^0  cfs  (20-inch  pipe  sewer) 


c.  Elevat ' on.  Except  where  noted,  the  fallowing  elevations  were 
determined  from  record  drawings  and/or  survey.  Elevations  obtained  by  survey 
are  based  on  a  bench  mark  establishea  at  the  reservoir  by  the  City.  The  bench 
mark,  a  chiseled  square  in  concrete  reported  to  be  elevation  190.05,  City 
datum,  is  located  on  the  top  step  of  the  doorway  leading  to  the  roof  of  the 
reservoir  of  the  west  gate  house.  The  conversion  from  the  City  of  St.  Louis 
datum  to  USDS  (ft.  above  sea  level)  datum  is  City  datum  +A13.536.  Elevations 
shown  are  in  City  datum  followed  by  the  USDS  datum  in  parenthesis.  Topography 
in  the  vicinity  of  the  reservoir,  obtained  from  the  1954  USDS  Cahokia, 
Illinois-Missouri  Quadrangle  Map  (photorevised  1968  and  1974)  is  shown  on 
Plate  2. 


The 

topography  shown  on  Plate 

2  is  in  uses  Datum. 

(1) 

Observed  level  ...  182.5 

(596.0) 

(2) 

Normal  level  ...  Varies 

(3) 

Normal  high  water  level  . 

..  185.4*  (598.9) 

(4) 

Overflow  crest  ...  186.6* 

(600.1) 

(5) 

Overflow  alarm  level  ... 

186.4*  (599.9) 

(6) 

Top  of  grated  opening  at 

sewer  chamber  . . . 

188.25 

(7) 

Maximum  experienced  level 

. . .  Unknown 

(8) 

Top  of  reservoir  wall  ... 

190.0  (603.5) 

(9) 

Top  of  roof  at  wall  ...  190.4  (603.9) 

(10) 

Top  of  division  wall  ... 

188.0  (601.5) 

(11) 

Basin  floor  at  toe  of  slope  ...  154.0  (567. 

5) 

(12) 

Basin  floor  (min.)  ...  151.5  (565.0) 

(13) 

Bottom  of  sewer  chamber  . 

..  151.1  (564.6) 

(14) 

Invert  20-inch  sewer  . . . 

150.2  (563.7) 

(15) 

Streambed  at  centerline  of  dam  ...  Not  applicable 

(16) 

Maximum  tailwater  ...  Not 

applicable 

•Per  Mr.  Thomas  A.  Rothermich,  Division  Engineer,  Operating  Section,  City  of 
St.  Louis  Water  Division. 
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d.  Impoundment  (North  and  South  Oasini^). 

(1)  Length  at  maximum  level  ...  831.5  ft.  (interior,  per  Plate  3) 

(2)  Width  at  maximum  level  ...  502.5  ft.  (interior,  per  Plate  3) 

e.  Storage  Volume  (Total  North  and  South  Basins). 

(1)  Normal  high  level  (El.  185.4)  ...  270  ac.ft.  (88.0  MG) 

(2)  Overflow  level  (El.  186.6)  ...  ..81  ac.ft.  (91.5  MG) 

f .  Reservoir  Surface  Area. 

(1)  Normal  high  level  (El.  185.4)  ...  9.6  acres 

(2)  Overflow  level  (El.  186.6)  ...  9.6  acres 

g.  Reservoir.  The  height  of  the  reservoir  is  defined  to  be  the  overall 
vertical  distance  from  the  lowest  point  of  foundation  surface  to  the  top  of 
the  structure. 

(1)  Type  ...  Combined  section:  concrete  wall  (upper  10.0  ft.) 

above  earthfill  embankment 

(2)  Basins 

a.  Number  ...  Two  (equal  size) 

b.  Width  (each)  ...  414.25  feet  (inside  at  top) 

c.  Length  (each)  ...  502.50  feet  (inside  at  top) 

(3)  Embankment  height  ...  40  ft.  (max.  at  1-44) 

(4)  Height  of  total  section  ...  50  ft.  (max.  at  1-44) 

(5)  Top  width  of  embankment  ...  18  ft.  (outside  of  wall) 

(6)  Side  slopes  of  embankment 

a.  Interior  ...  Iv  on  1.5h* 

b.  Exterior  ...  Iv  on  1.9h  (max.) 


♦Per  1868-1870  construction  drawings. 
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(7)  Seepage  cutoff 

a.  Clay  puddle* 

b.  Steel  sheet  piling** 

(8)  Embankment  slope  protection 

a.  Interior  ...  Two  concrete  slabs  with  a  waterproof  membrane 

over  rock  pavement  and  macadam** 

b.  Exterior  ...  Grass 

(9)  Inflow/Outflow  pipes  ...  1-48",  2-36",  1-30"  (all  controlled) 

(10)  Overflow  ...  Two  1.4  ft.  high  by  6.0  ft.  long  openings,  one  each 

basin  (uncontrolled) 

h.  Overflow  (Typical  Each  Basin). 

(1)  Type  ...  Uncontrolled 

(2)  Size  ...  1.4  feet  wide  by  6.0  feet  long 

(3)  Location  ...  East  gate  chamber  at  sewer  well 

(4)  Invert  ...  Elevation  186.6  (600.1) 

Reservoir  Drain  Facility.** 

(1)  Control  ...  Two  24-inch  wide  by  30-inch  high  sluice  gates 

(2)  Gate  invert  elevation  ...  151.6  (565.1) 

(3)  Outlet  ...  20-inch  diameter  pipe  sewer 

(4)  Location  ...  East  gate  chamber 

(5)  Sewer  invert  elevation  ...  150. 2jf  (563.7) 

(6)  Estimated  time  required  to  drain  basin  at  normal  high  level 

a.  At  30  cfs  ...  55  hours  (max.,  discharge  without  flooding) 

b.  At  50  cfs  ...  33  hours  (with  flooding  at  manhole) 


*Per  1868-1870  construction  drawings. 
**Per  1915-1916  construction  drawings. 
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SECTION  2  -  ENGINEERINU  JAIA 


2.1  DESIGN 


a.  As  previously  indicated,  data  relative  to  the  uesinn  of  the  reservoir 
as  originally  constructed  in  1868-1870  were  limited  to  a  croup  ot  drawings  cf 
the  reservoir  on  file  at  the  Kingshigtiway  Avenue  office  of  the  w.jtei 
Division.  These  plans  were  reviewed  by  the  inspection  team,  but  due  to  the 
fragile  condition  of  these  drawings,  were  not  removed  from  the  A'aLcr  Division 
office  and  are  not  included  herein.  According  to  details  shown  on  ttiese 
plans,  the  slope  of  the  inside  face  of  the  embankment  is  Iv  on  l.Sti,  the 
original  width  of  the  embankment  crest  was  20  feet,  and  the  slope  of  the 
exterior  face  of  the  embankment  is  Iv  on  2. Oh.  Also  shown  on  the  drawings  was 
the  original  division  wall  separating  the  north  and  south  basins.  With  the 
exception  of  the  information  shown  on  these  plans,  no  other  design  data  were 
available.  Records  did  indicate  that  Thomas  J.  Whitman  was  Chief  Engineer  for 
the  project  and  James  P.  Kirkwood  was  project  Consulting  Engineer. 

b.  In  1915-1916,  certain  improvements  were  made  by  the  City  to  the 

reservoir.  Records  indicated  that  a  firm  by  the  name  of  Roth  &  Sturdy  were 
the  Architects  for  this  iecofist ruction  project  and  that  the  Engineer  in  Charge 
was  an  individual  by  the  name  of  Gordon  G.  Black.  These  improvements 
consisted  of  a  two  course  reinforced  concrete  pavement  slab  to  be  placed  above 
the  original  floor  of  the  bottom  and  sloping  sides,  a  reinforced  concrete 
division  wall  to  replace  the  existing  division  wall,  two  reinforced  concrete 
gate  chambers,  one  at  each  end  of  the  new  east-west  division  wall,  and  a 
reinforced  concrete  wall  to  encompass  the  reservoir.  Details  of  these 
features  are  shown  on  Water  Division  Drawings  3730,  373A,  3735,  and  3807, 
reference  Plates  3,  and  5  through  7.  Test  borings  to  rock  along  the  line  of 

the  outside  wall  were  obtained  by  the  City  and  the  results  of  these 

investigations  are  shown  on  Water  Division  Drawing  3731,  reference  Plate  4. 

As  indicated  by  the  details  shown  on  the  drawings,  all  of  the  structures  are 

supported  by  reinforced  concrete  piles  and  both  the  division  wall  and  the  gate 
chambers  have  a  3-foot  wide  continuous  concrete  wall  that  extends  from  the 
bottom  of  the  structure  to  rock.  This  wall  acts  as  both  a  support  for  the 
structure  and  a  seepage  cutoff  diaphragm.  Details  on  the  drawings  indicated 


the  'wall  about  the  perimeter  of  tlie  reservoir  h.:-,.  a  t.nriLinuou',  srfx  1  sheet 
piling  seepage  cutoff  uiaphraym  that  exteiiijs  t  rom  ttisr  nase  of  the  structure  to 
rock.  From  information  shown  on  the  arawinv.'s,  it  con  oe  seen  that  the  /lew 
pavement  slabs  atid  division  wall  were  pruvin-d  with  e.^itansion  joints; 
however,  no  such  details  are  given  for  the  side  walls  arid  none  were  noticed 
during  the  inspection.  Engineering  computations  for  the  design,  including 
stability  analyses,  of  these  walls  were  on  rile  at  t.he  Kingshighway  Avenue 
office  of  the  Water  Division.  A  review  of  these  computations  indicated  the 
design  of  the  walls  to  be  satisfactory. 

c.  The  reservoir  was  again  improved  in  1931  hy  tiro  addition  of  a  roof  to 
cover  the  north  and  south  basins.  Details  of  the  roof  system,  including  the 
locations  of  columns  supporting  the  roof  beams,  are  shown  on  Water  Division 
Drawing  AA71,  reference  Plate  8.  As  indicated  on  the  drawing,  the  bases  for 
support  of  the  columns  on  the  sloping  portion  of  the  ha.sin  floor  are 
continuous,  extending  from  the  vertical  wall  at  the  top  of  the  slope  to  the 
near  level  area  of  the  floor  one  bay  in  from  the  toe  cf  the  slope.  Additional 
drawings  of  the  roof  system  showing  details  of  the  beams  and  columns  are  on 
file  at  the  office  of  the  Water  Division,  however,  design  computations  for 
these  members  could  not  be  located. 

d.  In  about  1967,  a  detailed  engineering  investigation  of  the  north  side 
of  the  reservoir  was  made  by  the  Missouri  State  Highway  Department  for  the 
purpose  of  determining  the  stability  of  the  reservoir  embankment  under 
conditions  to  be  imposed  by  Interstate  Highway  44.  As  previously  inoicated. 
Highway  1-44  lies  parallel  to  and  just  north  of  the  reservoir.  The  higtiway  in 
this  area  is  a  depressed  section  with  a  retaining  wail,  that  varies  in  height 
from  about  21  feet  at  the  west  end  of  the  reservoir  to  ripproximately  10  feet 
at  the  east  end  of  the  facility,  located  adjacent  to  the  sou^h  side  of  the 
highway.  The  retaining  wall  is  a  reinforced  concrete,  counterfort  type, 
section  with  its  footing  bearing  on  and  keyed  into  rock.  The  wall  backfill  is 
primaily  sand  and  a  continuous  18-ineh  diameter  pipe  dr.iin  witli  a  crushed 
stone  drainage  blanket,  that  coverrs  the  footing  .;nd  the  drain  piijc,  is  locatCLl 
at  about  the  heel  of  ttie  footing.  The  location  of  the  retaining  wall  relative 
to  the  north  side  of  the  reservoir  is  shown  on  Water  Division  Drawings  Numbers 
4532,  4533,  4536,  and  4545,  reference  Plates  15,  16,  17,  and  Id,  respectively. 
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Cross-sections  i)t'  the  north  iMnljonkint-nt ,  ii-.c  Ijilin  :  ttu;  niql  way  r’.’'-.'iir,Li.i;  waii, 
based  on  survey  data  obtaino-d  ourinn  ta"  in'  oect  Lun,  ira  3h^.,vn  (jii  rlati-  20.  k 
report,  dated  April  A,  19(>/,  ucscribLnc;  the  inve:.tic,it  i.jnr  n.jOi  tiy  tlie  hinti,'/ay 
Department  during  the  course  of  their  .tudy  of  corniii  ions  aftL-ctini;  the 
proposed  retaining  wall,  as  well  as  recoraieniiations  tor  cunstrocv,  if.n  of  the 
wall,  was  piepart’d  by  Mr.  Roy  Rucker,  M.d.er  ials  aoi:  R;  sear  on  inugirieer, 

Missouri  state  Highway  Department.  iiio;hway  f.r'p.irtinent  (lolioy  did  r/jt  peniiit 
release  of  their  report  at  this  time  for  ino'luo.iun  within  tnia  report, 
ilthouyf'i  it  is  under-itoed  that  it  ii.,iy  t'0‘  mai.k;  availatilo;  upor'i  r  gnest  ry  tfie 
City.  The  report,  however,  was  reviewoii  by  the  ins(jection  teani. 

The  report  indicates  that  two  lines  of  piezometers  were  installed  within 
the  north  slope  of  the  reservoir  for  the  purpose  of  octaining  ground  water 
levels.  It  al'so  states  ttiat  several  test  borings  were  trade  in  the  vicinity  of 
the  slope,  and  tnat  unoisturbeci  samples  of  Lhe  soil  encountered  in  tliese 
borings  were  obtained.  Vane  shear  tests  were  also  made  of  softer  and  wetter 
zones  of  material  encountered  in  tlie  boririgs.  During  the  course  of  these 
subsurface  investigations,  tlie  report  states  that  the  most  significant  finding 
was  the  unexpectedly  liigh  water  elevations  within  the  oiezometers  and  the 
lower  ruck  line,  both  in  rhie  vicinity  of  th*}  northeast  corner  of  the 
reservoir.  Chemical  analysis  of  the  water  indicated  it  to  be  leakage  from  the 
reservoir.  The  soils  encountered  were  itleniifico  iis  being  of  loessal  origin 
overlying  residual  clay.  In  addition  to  vane  shear  tests,  oireci  shear  tests 
of  saturated  soil  samples  aiid  unconfined  compression  tests  were  performed. 

The  most  consistent  and  reliable  data  were  considered  to  be  that  obt..inec  from 
the  direct  shear  tests,  ana  this  data  was  used  in  the  stability  analyses. 
Strengtn  values  for  the  loess  and  residual  clay  were  adopted  from  ttiese  te-sis 
for  use  in  stability  analyses. 

According  to  the  report,  stahiliiy  anaivses  were  performed  using  both  the 
block  and  wedge  methou  and  tb.e  Swedish  circle  mslhnd,  although  t!ie  block  and 
wedge  method  was  considered  the  more  a[)propriate  of  the  two  and  was  used 
during  final  desiegn.  Certain  active  wedge  and  hydrostatic  [iressure  conditions 
were  assumed  and  analyses  were  inadt:-.  for  the  construction  condition,  the 
report  indicates  a  minimum  factor  ot  safety  of  n.'^  with  the  water  level  (of 
the  reservoir)  at  elevation  SR8  (elevation  1/A.s  Pity  datum)  <jnd  1.25  with  the 


water  level  at  elevation  ^>67  (eleva*- ini':  1  n'.t  ,'iiy  Gatnm).  A  ir.iniriuni  safety 
factor  of  l.‘t3  is  qivpti  for  final  (aft  t  coir  ■  ru:'t  ioi , '  aonoiticjn. 

The  report  also  viooresses  ihe  prohlron  cf  re-u-rvoir  se-t t I'-in-'nl:  oue  to 
dewatering  of  the  basin  during  cnnstro;:rion  of  the  wa ! ;  aojacont  to  the 
highway,  A  statement  in  the  report  inoicatt-s  chat  it  cs'-inot  [■'  positively 
stated  that  no  adverse  effects  to  the  reservoir  from  tht'  pros '  o'd  cot, 
oackfill  and  drain  meUiod  of  construction  will  occur,  iliis  is  nclievea  co  be 
in  reference  to  the  type  of  wall  shown  on  the  niohway  exhibits  included  in  the 
report.  The  exhibits  sliow  a  reinforced  concrete  or  criu  wall  founded  on  eartri 
above  bedrock.  An  alternate  design  consisting  of  a  buttressed  wall  of 
reinforced  concrete  keyed  into  bedrock  is  recor, ■.■mended.  Additional 
recommendations  regarding  construction  methods  and  dewatering  of  the  north 
basin  of  the  reservoir,  are  also  presented. 

Other  correspondence  in  the  Hignway  Department  file  indicated  the  buttress 
(counterfort)  wall  should  be  designed  for  lateral  earth  pressures  of  70,  85 
and  ICO  psf  depending  upon  the  location  cf  the  section,  that  ihe  wall  should 
be  designed  for  possible  development  of  hydrostatic  pressure  from  full 
reservoir  level  down  to  bedrock,  and  that  the  wall  footing  should  be  embedded 
a  minimun'  of  6  inches  into  sound  rock  in  addition  to  being  keyed  into  rock  at 
least  12  inches  to  prevent  sliding.  Another  letter  in  the  file  recoiiimends 
replacement  of  excavated  earth  (bacKfill)  with  sand  bacKfill,  tiie  use  of 
crushed  rock  about  the  subdrain  pipe,  and  the  installation  of  several 
pern.anent  piezometers  in  the  north  slope  for  the  purpose  of  monitorin.g  ground 
water  levels  between  che  reservoir  and  the  highway  retnininq  wall. 

From  the  details  shown  on  Plate  17  and  PI  ite  19  as  well  as  ebservatijns 
made  in  the  field  during  the  inspection,  it  would  appear  that  these 
recommendations  were  closely  followed, 

2.2  CONSTRUCTION 

As  previsouly  stated,  the  reservoir  was  originally  constructed  between 
1868  and  1870  by  a  general  contracucr  by  the  name  of  Murphy-Henderson.  With 
the  exception  of  the  construction  plans  on  file  with  the  Water  Division,  very 
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little  is  kno'.st:  reqdr(!in(j  tills  const r.ji  t  i oii.  Ir  ilCui  j-.  of  tlmsi;  sctivitios 
ex'st,  they  are  sonicviMt/ri-  .vi;.hio  th.e  sr^^hivcs  "i  cIk-  s.ify. 

As  repoiteij  cls^.vhiTe  in  iiih,  icc.ort,  tfe  •■irsir,  l.i'jyh  LuiLninu 
Coi .structicn  Coir,pci;iy  w.-s  tht.  r;ofiti.i''ti'r  r -s;  n  s'if;lc  for  the  ro-scivuir 
reconstruction  wert-.  Hist  occurreo  hetv.n-en  n.-is  nivA  ivi-,.  Copii-s  rj!'  o  numher 
of  the  construct  icn  rlrow  ii  nnpi.iri  n.ir  roi.snst  rnct  i  on  of  'ii.r  reservoir  sr'. 
incluceC  herewith,  reference  ■;  Hir.junli  /.  ‘'aoi  t  iuml  ihsowings  or  the 

renuireu  reconstruction  ore  on  file  at  ttie  Kiir  isniut.Wfj ,  Aveiiur-  or  rice  of  tne 
Water  Division,  ho  other  reccrus  of  construction  activil.i' s  were 

available. 

Also,  as  previously  reporteo,  tne  reservoir  basins  were  coverec  witti  a 
reinforcea  concrete  roof  system  in  1>33.  A  drjwinij,  reference  ^late  S, 
showing  a  general  plan  of  the  basin  cover  edung  with  sections  through  trie 
basin  that  show  the  roof  slao  anu  means  of  support  is  inciudeo  herein.  Ihe 
name  of  tne  contractor  who  constructeu  the  roof  is  uoKnown,  am  infermation 
relating  to  the  actual  construction  wr-s  unavaiiable. 

2.3  OPERATION 

The  level  of  she  reservoir  is  governs:  by  system  pressure,  which 
fluctuates  witn  user  demand.  The  reservoir  is  norma 'ly  supplied  by  pumping 
potable  water  from  the  Chain  of  Rocks  Water  Treatment  Plant.  However,  tne 
reservoir  can  also  be  supplied  from  tlie  Stacy  Park  Reservoir  high  service 
system  tiirougn  a  number  of  remotely  controlled  uleeder  valves.  The  ''alve  on 
the  48-inch  rdameter  steel  pipe  located  near  the  intersection  of  Oomptofi  Hill 
Place  (formerly  Louisiana  Avenue)  and  Russell  Aven 'e  is  the  valve  irast 
commonly  used  for  this  purpose.  A  36-iricti  diameter  pipe  that  connects  to  the 
south  side  of  the  east  gate  chamber  delivers  the  Stacy  tdark  System  water  to 
the  reservoir.  Flow  from  the  Cfiain  of  Rocks  Plant  enters  the  reservoir 
through  a  48-inch  diameter  pipe  that  connects  '.o  the  nortli  side  ijf  tfie  east 
gate  chamber  and  through  a  30-inch  diameter  pipe  that  rnnnects  to  the  north 
side  of  the  west  gate  chamber.  Reservoir  outflow  can  occur  at  four  locations. 
In  addition  to  the  two  influent  lines  from  the  Chain  of  Rocks  Plant  and  the 
line  that  connects  to  the  Stacy  Park  System,  which  can  also  serve  as  effluent 
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lines  should  system  [eessur’*  uiinru-t  i.  ■  ;  1;,.^  •  ^  u,  .  t'l- 

reservoir  at  the  south  siut-  .r  th--  .%■  •  ■  -.u.  r.  i ;  ,.i,  d_i  !!<-e 

motorized  sluice  uates  loiMti  d  ■  u.  •  .-t  ,  u-  u.’.-i  l'. 

prevent  reservoir  outfljv,  in  in  ’in.'  .  .v-tt  r 

Division  nisswinqs  i'o  ncd  :<nA  shuAi;!..  '  .•  ■.■■.>■1.  hr  si./:  ’in'  .vshM'  'ruin 
distribution  system  in  the  vicinity  t  tl,  .  m.-ir  in.-U,  nHfei 
reference  Plates  11  jn-:  1:'.  i'isti  i;  i'M,  n  -/ynt,:  l-  nn  .nuAn  li;  Water 
Division  Drawini;  A-ls./,  reierence  i'  .  i-,.-  l-tai.i/re  •.if  th,.-  StaCy  Par.< 

Reservoir  and  the  Chain  nt  Rocks  ilant,  inn'.n.:ir;:  nains  'Llia'".  12  inches, 

are  shown  cn  Water  Divisiofi  .Drawin/:  :  -n;;,:*  r.^  -ft ei i.-- /  pi,,Tu'  9, 

A  concrete  wall  diviues  the  ri'Servoir  into  two  equrjl  basins,  ttie  nortti 
basin  and  the  south  b.asin.  Four  manually  operated  sluice  gates  within  the 
east  and  west  gate  chambers  allow  flow  to  reach  both  t',asins,  or  allow  the 
basins  to  be  operated  iridependently .  Ihe  normal  mettiod  of  operation  is  to 
supply  both  basins  simultaneously  ana  to  operate  the  basins  in  parallel. 

A  sensing  device  attached  to  a  bubbler  tube  loc.atcil  in  the  w/^st  gate 
chamber  transmits  via  telephone  lines  the  level  of  the  reservoir  to  the  pump 
control  room  at  the  Chain  of  Rocks  Plant  .jod  to  tne  Kingshinhway  Avenue  office 
of  the  Water  Division.  An  alarm  is  siqrialleJ  at  the  L'hai.-;  or  Rocks  Plant  and 
at  the  Kingshighway  Avenue  office  in  ttie  eveiiL  or  excc-ssive  reservoir  level. 
The  alarm  level  is  set  1.0  foot  above  the  normal  high  water  level.  A  staff 
gage  located  within  the  west  gate  house  also  indicates  the  level  of  the 
reservoir  and  is  used  to  check  the  level  transmitteu  by  tne  teleiretering 
system.  A  gasoline  operated  generator  located  within  the  west  date  house  is 
available  to  provide  electrical  power  to  the  telemetering  system  in  the  case 
of  an  electrical  outage.  Two  rectangular  openings,  each  appioximatrcly  l.A 
feet  high  and  6.0  feet  wide,  located  in  tlie  qatewell  at  the  east  gate  chamber, 
are  provided  for  basin  overflow,  ihc  inverts  of  the  overflow  npeninqs  are 
about  0.2  of  a  foot  above  the  high  wa^r  alarm  level.  Two  manually  operated 
sluice  gates  located  in  the  gateweiyat  the  west  end  uf  the  east  gate  chamber 
are  provided  to  drain  the  basins,  20-incli  diameter  sewer  located  in  the 
bottom  of  the  qatewell  serves  ayan  outlet  for  reservoir  drainage.  The  east 
and  west  gate  chambers  includipig  the  locations  of  the  gates  within  the 
chambers  and  the  sewer  pipe  at  the  east  gate  chamber,  are  shown  on  Water 
Division  Drawing  3730,  reference  Plate  3. 
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2.4  EVALUATION 


a.  Availability .  En(Tinet?rinq  for  asi^essini)  the  ucr.ino  of  the 

reservoir  were  available.  Readily  available  'i.ita  w'as  limited  Lu  the  details 
shown  on  the  original,  1868-1870,  plans  for  construction  of  tlie  facility,  the 
1915  set  of  plans  for  reconstruction  of  the  reservoir,  ttie  computations  for 
the  design  of  the  walls,  etc.,  constructed  in  1915-1916,  and  the  drawings 
prepared  in  1931  for  construction  of  the  roof  system. 

Seepage  and  stability  analyses  of  the  embankments  nt  the  reservoir 
comparable  to  the  analyses  proscribed  by  the  recoiiimenoHi;  guidelines  were  not 
available . 

Adequacy .  Considering  the  lonu  history  of  satisfactory  performance, 
the  inspection  team  is  of  the  opinitjii  that  the  details  shown  eo  tlv; 
construction  plans  for  ttie  reservoir  are  idf.nuate  to  assess  the  iJesiqn  of  the 
facility,  which  is  considered,  in  iieneral ,  to  be  sat isfartory .  However,  as 
indicated  in  Section  par.iir.ipb  A. 5,  certain  improvements  i;t:  tlie  reservoir 
are  necessary  to  insure  the  continued  satisfactory  ()erfoiiTianre  of  the 
facility.  As  indicated  above,  seepaoe  and  :  tability  analyses  of  the 
embankments  of  the  reservoir  eomp.ir.oUo  tei  tne  requl rerm-nts  of  the 
"Recommended  Guidelines  for  safety  insfiection  of  Dams"  were  not  /ivailable. 
These  seepage  and  stability  ac.alvses  should  be  performed  for  appropriate 
loading  conditions  ( includin':]  r'artnquake  loads)  and  inode  a  matter  of  record. 


SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  Compton  Hill  Reservoir  was  made 
by  Horner  &  Shifrin  engineering  personnel,  K,  E.  Sauthoff  and  G.  K.  Hasegawa, 
Civil  Engineers,  and  A.  b.  Becker,  Jr.,  Civil  and  Soils  Engineer,  on 

27  January  1981.  Messrs.  Kammerer  and  Fletcher  of  the  City  of  St.  Louis  Water 
Division  were  present  during  this  inspection.  An  examination  of  the  reservoi'’ 
area  was  also  maoe  by  an  engineering  geologist,  Jerry  U.  Higgins,  Pti.D.,  a 
consultant  retained  by  Horner  &  Shifrin  for  the  purpose  of  assessing  the  site 
geology.  Also  examined  at  the  time  of  the  inspection  were  the  areas  and 
features  below  the  reservoir  within  the  potential  flood  damage  zone. 
Photographs  of  the  reservoir  taken  at  the  time  of  the  inspection  are  included 
on  pages  A-1  through  A-7  of  Appendix  A.  The  locations  of  the  photographs 
taken  during  the  inspection  are  indicated  on  Plate  3. 

b.  Site  Geology.  The  Compton  Hill  Reservoir  is  located  in  the  southern 
portion  of  the  City  of  St.  Louis.  Most  of  the  original  topography  anu 
drainage  in  this  area  have  been  modified  by  urban  development;  however,  the 
older  topographic  maps  indicate  that  the  original  surface  Drainage  was  away 
from  Compton  Hill  into  small  creeks  that  drained  into  the  Mississippi  River. 
Some  of  the  drainage  undoubtedly  was  internal  into  ttie  river  through  sinks 
developed  in  the  soluble  bedrock.  The  site  is  located  on  the  northeastern 
flank  of  the  Ozark  Plateaus  Physiographic  Province. 

In  the  general  area  of  the  reservoir,  the  bedrock  consists  of 
Mississippian-  and  Pennsylvanian-age  sedimentary  strata  which  oip  gradually 
toward  the  northeast  into  the  Illinois  Basin.  There  are  no  beurock  exposures 
at  the  reservoir;  however,  there  are  several  outcrops  in  the  I-aA  roaOway  cut 
just  north  of  the  site.  The  reservoir  is  located  on  the  Mississippian-age  St. 
Louis  formation.  The  bedrock  is  a  gray,  finely  crystalline,  medium-  to 
massive-beaded  limestone.  The  formation  has  been  subjected  to  extensive 
solution  weathering,  and  caves,  sinks,  and  other  karst  topographic  features 
are  common.  Numerous  sinks,  now  filled  as  a  result  of  city  development,  were 
located  along  a  northeast-southwest  trend  several  blocks  east  of  the  reservoir 


(Missouri  Geological  Survey  file  map).  Possible  geologic  problems  associated 
with  these  features  include  reservoir  leakage,  arid  althounh  unlikely,  sink 
collapse. 

The  soils  at  the  site  have  been  disturbed  and  reworked  by  construction 
activity,  but  originally  consisted  of  loessal  soils  (ML,  Unified  Soil 
Classifcation  System)  over  the  red  residual  clays  (ML-CL)  derived  from 
weathering  of  the  limestone.  Most  of  the  area  is  now  paved  or  extensively 
modified,  and  only  the  residual  soils  immediately  above  the  limestone  bedrock 
in  the  I-A4  highway  cut  may  be  considered  to  he  undisturbed. 

The  most  significant  geologic  conditions  noted  at  the  site  are  the  karst 
features  associated  with  the  limestone  bedrock.  The  presence  of  numerous 
sinks  and  caves  suggest  extensive  solution  weathering  of  the  bedrock.  The 
reservoir  has  been  functioning  for  many  years,  and  there  is  no  suggestion, 
from  the  geologic  reconnaissance,  that  any  geological  conditions  have  been 
detrimental  to  its  performance.  However,  the  karst  features  are  prominent  in 
the  area  and  potentially  could  adversely  affect  the  reservoir. 

c.  Reservoir.  The  exterior  portions  of  the  earthen  embankment, 
reinforced  concrete  side  walls,  and  roof  of  the  reservoir  wer;  examined  and, 
except  as  noted  herein,  were  found  to  be  in  sound  condition.  (The  interior  of 
the  reservoir  was  not  examined  at  the  time  of  the  inspection  due  to  the 
presence  of  water  within  the  reservoir.)  Photographs  of  the  reservoir  walls 
and  embankment  slopes  taken  during  the  inspection  are  shown  on  pages  A-1 
through  A-4  of  Appendix  A,  and  cross-sections  of  the  embankment  obtained  by 
field  survey  at  the  time  of  the  inspection  are  shown  on  Plates  20,  21  and  22. 
No  cracking  of  the  surface,  undue  settlement  of  the  crest,  or  sionif leant 
erosion  of  the  embankment  was  noted.  Examination  of  soil  samples  obtained 
from  the  four  exterior  sides  of  the  reservoir  embankment  at  about  the  center 
of  each  side  indicated  the  surficial  material  of  the  embankment  to  be  a 
medium-to-dark  brown  silty  lean  clay  (CL)  of  low-to-medium  plasticity. 

A  small  bulge  (see  Photo  2)  that  extended  westwardly  approximately  80  feet 
from  the  stairway  at  the  northeast  corner  of  the  reservoir  was  noticed  in  the 
face  of  the  north  embankment  at  a  point  just  above  the  toe  of  slope  at  the 
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location  of  a  reported  (1972)  slope  failure.  However,  no  evitJence  of  seepage 
was  visible  on  the  surface  of  the  sleoi»,  and  no  signs  of  recent  movement  or 
other  indications  of  instability  of  the  slope  were  noted,  although  the 
sidewalk  which  parallels  the  north  slope  near  the  toe  appeared  to  have  settled 
approximately  2  inches  relative  to  the  concrete  stairway  and  landing  located 
at  the  northeast  corner  of  the  embankment.  The  crest  of  the  embankment  was 
uniform  and  with  the  exception  of  an  8-inch  diameter  tree  stump  with  sprouts 
located  adjacent  to  the  wall  near  its  midpoint,  was  uniformly  covered  with 
grass.  Although  flow  was  not  evident,  water  was  visible  within  the  two 
manholes  for  the  A-inch  underdrain  near  the  top  of  the  embankment.  As 
indicated  in  Section  A,  paragraph  A.2f,  the  subdrain  flows  were  measured  on 
February  6,  1981,  and  the  data  obtained  are  indicated  on  Chart  A-A7.  Five  of 
the  original  seven  piezometer  tuoes  (see  Photo  3)  that  had  been  installed  in 
1977  were  located  and  found  to  be  in  serviceable  condition.  Ground  water 
levels  were  measured  on  February  6,  1981  at  the  five  piezometers  located,  and 
the  elevations  of  tfie  water  surface  are  indicated  in  the  schedule  on  Chart 
A-A8.  Observed  groundwater  levels  were  not  abnormally  high,  and  in  general, 
were  found  to  agree  with  the  data  shown  by  the  City  on  Plate  19.  Piezometer 
No.  A  is  shown  in  Photo  3. 

The  exterior  portions  of  the  east  and  south  embankinents  of  the  reservoir 
(see  Photos  5  and  8)  were  inspected  and  appeared  to  be  in  satisfactory 
condition.  Standing  water  was  present  in  a  low  area  near  the  toe  of  the  east 
embankment  at  the  north  end  adjacent  to  the  driveway  accessing  a  storage 
building.  The  origin  of  the  water  could  not  be  determined,  but  its  location 
indicated  the  water  was,  in  all  likelihood,  a  result  of  stormwater  runoff. 

The  exterior  face  of  the  west  embankment  (see  Photo  11)  was  found  to  be 
somewhat  irregular  along  the  northern  portion  due  to  numerous  ruts  caused, 
reportedly,  by  the  tractor  used  to  cut  the  grass  on  the  slope.  The  turf  cover 
was  sparse  within  the  ruts.  An  8-inch  diameter  vitrified  clay  pipe  sewer  had 
been  excavated  along  the  south  side  of  the  stairway  which  ascends  the  west 
embankment  at  its  center.  The  sewer,  which  was  under  repair,  was  leaking  at  a 
rate  estimated  to  be  less  than  1  gallon  per  minute  through  a  1-inch  diameter 
hole  in  the  pipe.  The  source  of  the  flow  in  the  sewer  could  not  be  determined. 
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The  exterior  side  of  the  concrete  wall  which  enconip,isses  tne  reservoir  at 
the  top  of  the  embankment,  was  examined  and  found,  at  numerous  locations,  to 
be  extensively  rieteriorateo  as  a  result  of  spailiny  of  the  surface.  Numerous 
hairline  type  cracks  were  noted  at  these  spalled  areas;  however,  no  major 
structural  defects  were  observed.  Expansion  or  contraction  joints  were  not 
visible  in  the  wall,  and  most  of  the  cracks  observed  tended  in  a  vertical 
direction,  although  a  good  number  of  horizontal  cracks  were  also  noticeo.  Due 
to  the  fact  that  tlie  wall  had  been  surface  coated  (in  I960)  by  anniting,  it  is 
possible  that  not  all  of  the  cracks  in  Lfii"  wall  wen;  seen.  Limt'  deposits  (see 
Photo  20)  were  noticeable  at  many  of  tne  cracks  indicating  some  seepage  of 
water  through  the  wall.  The  exterior  lace  of  the  north  wall  (set?  Plioto  1) 

appeared  to  be  in  good  condition  witf;  only  a  few  relatively  small  areas  uf 

surface  spalling.  The  surfeoce  of  the  east  wall  (see  Photo  4)  wa*-.  marxea  with 

several  large  areas  of  spalling.  Post  of  the  spalls  were  shallow;  howc-ver, 
at  one  location  just  north  of  the  center  of  the  east  will,  the  deterioration 
at  the  top  of  the  wall  extended  approximately  15  inches  (see  Photo  6)  beneath 
the  roof  slab.  The  upper  2  feet  of  the  south  wall  (see  Photo  7)  was  found  to 
be  spalled  across  much  of  the  length  of  the  wall.  At  tlie  top  of  the  south 
wall,  the  spalling  extended  up  to  six  inches  beneath  the  roof  slab  (see  Photo 
9)  and  the  reinforcing  bars  were  exposi'd  at  several  It.c.itions.  The  west  wall 
(see  Photo  10)  also  had  several  large  coreas  of  r, pal  ling  (see  Phot:)  12)  arid 
again,  the  reinforcing  bars  (see  Photo  21)  were  exposed  at  several  locations. 
In  many  instances  where  the  depth  of  the  spall  was  quite  small,  say  on  the 
order  of  one-quarter  of  an  inch,  the  spalled  section  included  the  gunited 
surface  coating  and  a  thin  layer  of  the  original  wall  surface. 

The  overall  width  and  length  of  the  reservoir  structure  at  the  level  of 
the  top  of  the  embankment  was  measured  during  the  inspection  for  the  purpose 
of  verifying  the  dimensions  show  on  the  plans.  According  to  the  dimensions 
shown  on  Water  Division  Drawing  ;^730,  reference  Plate  >,  the  overall  width  of 
the  structure  is  505.5  feet  and  the  overall  length  is  05A.5  feet.  Surveyed 
distances  indicated  the  overall  length  of  the  north  side  to  he  507.3  feet,  the 
south  side  to  be  507.8  feet,  the  east  side  to  ue  836.'')  feet,  and  the  west  side 
to  be  835.6  feet.  The  survey  also  indicated  the  outside  face  of  the  reservoir 
wall,  which  is  shown  on  Water  Division  Drawing  3735,  reference  Plate  n,  to  be 
a  vertical  wall,  to  iie  out  of  plumb  wjtii  the  plane  of  ttie  wail  leaning  inward, 
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or  toward  the  center  of  the  structure,  at  each,  of  the  four,  one  at  each  side, 
locations  checked.  At  a  distance  approx ima Lely  6.0  feel,  above  the  ground,  the 
deflection  varied  from  0.1?  feet  for  the  north  wall  t(j  0.21  feet  *'or  the  south 
wall,  and  from  0.19  feet  for  the  east  wall  to  0.?/)  feet  for  tne  west  wall. 

(It  is  possible  that  the  wall  was  given  a  slight  inwar.l  batter  during 

construction  in  order  to  give  the  section  a  more  stable  appearance.  In  any 

event,  due  to  the  rather  uniform  tilt  of  ihe  wall  and  the  fact  tiiat  deflection 
of  the  wall  aue  to  load  would  be  in  the  opposite  direction  than  that  observed, 

since  it  is  a  cantilever,  the  inspection  team  is  of  the  opinion  tliat  tncre  is 

no  significant  foundation  or  structural  prohliMn  associated  witri  this 
deflection. ) 

The  top  side  of  the  concrete  roof  was  examineii  and,  except  as  noted 
herein,  appeared  to  be  in  satisfactory  condition.  Tliu  nortlicrn  une-lialf  of 
the  roof,  which  had  been  resurfaced  (in  about  19A8)  with  a  sand-cement  grout, 
iiad  only  a  few  minor  hairline  type  cracks  and  appeared  to  be  in  very  gocn 
condition,  although  stains  in  some  areas  indicated  that  minor  ()onding  may 
occur  on  the  roof  as  a  result  of  poor  drainage  following  periods  of 
precipitation.  The  southern  one-half  of  the  roof  was  surfaced  with  what 
appeared  to  be  a  tar  and  gravel  seal  coat.  Tlie  seal  coat  was  Lcicking  at  many 
locations  and  several  areas  of  spalling  of  the  concrete  surface  of  the  roof 
were  evident.  Additional  deteriorated  material  (typo  unknown)  w.as  present  on 
the  roof  (see  Photo  13)  within  the  areas  which  at  one  time  served  as  tennis 
courts.  Steel  columns  which  are  believed  to  have  supported  iicjlits  lor  the 
tennis  courts  (the  courts  are  no  longer  used  and  the  general  public  is  tiot 
permitted  on  the  reservoir  roof)  were  located  adjacent  to  the  tennis  cr;urts. 

As  previously  indicated,  the  roof  support  columns  and  beams  and  the  underside 
of  the  roof  was  not  inspected  due  to  the  presence  of  w.nter  witliin  the 
reservoir. 

Both  the  interior  and  exterior  of  the  west  gate  ftouse  (see  Pfiuio  lA)  as 
well  as  the  exterior  of  the  east  gale  house  (see  Pfinto  13)  were  inspected  and 
found  to  be  in  satisfactory  condition.  The  eguipment  within  the  west  aatc 
house  and  the  operators  at  the  east  gate  cliamber  were  also  examined  but  not 
operated  as  a  part  of  the  inspection.  The  motorized  gate  opcr.jtnrs  (see  Photo 
16)  for  the  effluent  pipes  on  the  west  side  of  the  reservoir,  .aou  the 


telemetering  control  panel  (see  Photo  18)  within  the  west  gate  house  appeared 
to  be  relatively  new  and  well  maintained.  The  staff  gage,  manual  gate 
operators  (see  Photo  17)  as  well  as  the  standby  generator  (see  Plioto  19) 
within  the  west  gate  house  and  the  manual  operators  at  the  east  oate  chamber 
(see  Photo  15)  were  examined  and  also  found  to  tie  well  maintainec  and  in 
satisfactory  condition. 

d.  Appurtenant  Structures.  No  appurtenant  structures  were  observed  at 
the  reservoir. 

e.  Downstream  Channel.  As  indicated  on  Plate  2,  the  Compton  Hill 
Reservoir  is  located  upon  the  crest  of  a  iiill.  Interstate  Highway  AA  lies 
parallel  and  adjacent  to  the  north  side  of  the  reservoir  site.  A  City  park 
surrounds  the  reservoir,  but  is  more  pronounced  on  the  east  ano  west  sides 
than  on  the  north  and  south  sides  of  the  facility.  Residential  areas  adjoin 
the  reservoir  park  on  the  east,  west  and  south  sides,  and  a  hospital  borders 
Grand  Avenue  at  the  west  side  of  the  facility. 

f.  Reservoir.  At  the  time  of  the  inspection,  according  to  the  staff 
gage  in  the  west  gate  house,  the  water  level  within  the  reservoir  was  at 
elevation  182.5,  City  datum,  wliich  is  about  2.9  feet  lower  than  the  normal 
high  water  operating  level  and  approximately  A.i  feet  i)elow  the  level  of  the 
overflow  openings  in  the  east  gate  chamber.  According  to  a  chart  within  the 
west  gate  house  of  the  reservoir,  this  level  corresponds  to  storage  equal  to 
78.6  million  gallons  which  is  equivalent  to  about  2A1.2  acre-feet  of  water. 

3.2  EVALUATION 

The  deficiencies  observed  during  the  inspection  and  noted  herein  are  not 
considered  significant  to  warrant  immediate  reim’dial  action.  However,  it  is 
recommended  that,  as  soon  as  practical,  provisions  are  made  to  prevent  further 
deterioration  of  the  concrete  walls  about  the  reservoir. 


3-6 


SECTION  A  -  OPtKATiUNAL  Pf^OCEDUiES 


r 


A.l  PROCEDURES 


The  water  level  within  t(ie  reservoir  is  governed  by  system  pressure,  which 
fluctuates  with  user  demand.  Ttie  reservoir  is  supplied  with  potable  v/ater  by 
pumping  from  the  City  operated  Chain  of  Rocks  Treatment  Plant.  However,  it 
can  also  be  supplied,  through  a  number  of  cross  connections  with  bleeder 
valves,  from  the  City's  Stacy  Park  Reservoir  System.  Flow  from  the  treatment 
plant  is  increased  at  night  and  on  weekenos  to  take  advantage  of  lower 
electrical  costs.  The  level  of  the  reservoir  is  also  affected  by  leakage. 
Additional  information  relative  to  the  operation  of  the  reservoir  is  presented 
in  Section  2,  paragraph  2.3. 

A. 2  MAINTENANCE  OF  RESERVOIR 

a.  Routine  maintenance  of  the  exterior  slope  of  che  embankment,  such  as 
mowing  the  grass,  is  performeo  by  the  St.  Louis  Parks  Department.  All  other 
reservoir  maintenance  is  performeo  oy  the  Water  Division.  The  exterior  of  tne 
reservoir,  i.e.,  the  embankment  slopes,  retaining  walls,  roof,  etc.  is 
routinely  inspected  by  Water  Division  personnel.  A  summary  of  items 
pertaining  to  maintenance  for  whicti  records  are  available  follows; 

b.  Leakage  tests  were  performed  by  the  St.  Louis  Water  Department  during 
the  period  from  1900  to  1902.  Recoros  of  the  tests  were  available,  but  have 
not  been  included  herewith  since  the  reservoir  was  raised  approximately  10 
feet  and  the  lining  of  the  bottom  ano  interior  eiiibankment  slopes  has  been 
signficantly  modified  since  that  time.  A  report  dated  January  23,  1901, 
indicated  the  leakage  from  the  north  basin  to  be  0.62  MOO  (82,300  cubic  feet 
per  day),  and  leakage  from  the  south  basin  to  be  i.9A  MOD  (238,200  cubic  feet 
per  day). 


c.  An  Annual  Report  of  the  Water  Commissioner  of  ttit!  City  of  St.  Louis 
for  the  Fiscal  Year  ending  April,  1903,  reference  Chart  A-1,  records  ttie 
repairs  made  on  the  stone  pavement  of  the  south  basin  during  the  previous 
summer  and  fall.  It  also  states  that  leakage  tests  of  this  basin  were  made 


before  and  after  grouting  the  pavement,  and  tliat  the  results  of  these  tests 
indicated  a  decrease  from  156,000  cubic  feet  to  118,300  cubic  feet  in  a 
24-hour  period.  In  addition,  the  Report  states  that  several  cavities 
approximately  10  feet  in  diameter  and  /  or  8  feet  deep  appeared  in  tfie  slope 
of  the  reservoir  near  the  middle  of  the  east  side  during  January  of  1903. 
According  to  the  Report,  the  depressions,  which  may  have  been  caused  by  sink 
holes,  were  filled  with  earth  and  stone. 

d.  On  April  19,  1973,  an  inspection  of  the  north  basin  of  the  reservoir 
was  made  by  personnel  of  Sverdrup  &  Parcel  and  Associatf-s,  Engineers- 
Architects,  St.  Louis,  Missouri,  along  with  representatives  of  the  City  Water 
Department.  According  to  a  report  prepared  by  Sverdrup  &  Parcel,  reference 
Charts  A-2  through  4-6,  the  purpose  of  this  inspection  was  to  determine  the 
probable  cause  of  excessive  basin  leakage  and  to  recominend  procedures  far 
sealing  the  basin,  at  least  to  the  point  where  the  leakage  from  tfie  basin  is 
acceptable . 

The  report  states  that  the  north  basin  of  the  reservoir  was  drainea  during 
construction  of  Highway  1-44,  and  that  after  tne  highway  was  completed,  it  was 
refilled.  However,  soon  afterwards,  ati  objectionable  amount  of  leakage  was 
noticed,  and  subsequently  the  basin  was  drained  again  for  inspection  and 
repair.  In  addition  to  the  problem  of  excessive  leakage,  the  report  states 
that  there  are  many  instances  of  structural  problems  in  connection  with  ttie 
roof  system  and  its  supports.  However,  due  to  the  demands  for  water  during 
the  upcoming  summer  season,  repairs  to  the  roof  system  would  have  to  be 
postponed  until  the  end  of  summer. 

The  report  argues  that  the  most  apparent  cause  of  the  leakage  was  the 
drainage  of  the  basin  for  construction  of  the  highway,  and  reasons  are  given 
to  support  this  hypothesis.  It  also  states  tliat  the  structural  problems 
associated  with  the  roof  are  due  mainly  to  the  fact  that,  except  at  the 
perimeter  of  the  roof,  there  are  no  provisions  for  expansion  and  contraction 
of  the  roof  slab.  The  writer  mentions  that  movement  of  the  roof,  a  section 
about  400  feet  by  500  feet,  has  produced  stresses  in  tfie  roof  columns 
resulting  in  tension  cracks  and  compressive  crushing  of  the  concrete,  as  well 
as  many  instances  of  cracking  and  spalling  of  beams  immediately  adjacent  to 


the  columns.  It  is  also  poi;)teL)  out  tnat  the  expansion  joints  netweon  the 
perimeter  columns  and  the  roof  slab  beams  are  no  lonyijr  functiuni.n,y 
effectively  in  many  locations,  and  that  the  columns  in  many  places  have  been 
pushed  aside  until  the  beam  bearing  area  is  reuuceu  to  as  little  as  one  inch. 
Other,  but  not  as  serious,  structural  problems  associuteo  witti  the  roof  system 
are  indicated. 

The  report  gives  recommendations  for  repairing  the  basin  floor  slab 
expansion  joints.  It  is  also  recommenued  that  the  repair  work  be  concentrated 
in  the  areas  of  the  sloping  slabs  on  the  north  side  of  the  basin  as  well  as 
along  the  north  ends  of  the  east  and  west  sides  and  in  tfie  first  bay  of  the 
flat  portion  of  the  floor  immediately  adjacent  to  the  sloping  slabs.  A 
recommendation  is  also  made  that  the  outside  of  the  wail  footing  in  the  area 
of  the  greatest  leakage  be  excavatea  in  order  to  inspect  the  bottom  of  the 
wall  footing.  The  report  states  that  if  voios  exist  beneatli  tlie  footing,  the 
spaces  should  be  sealed  with  grout. 

The  author  continues  by  indicating  that  postpofiiny  the  structural  repairs 
to  the  roof  system  until  after  tne  summer  season  is  an  acceptable  risk,  since 
a  failure  of  the  roof  would  be  partiai  only  and  would  not  invoive  the  entire 
roof,  or  tne  basin  wails.  The  report  states  tfiat  following  tlie  summer  demand, 
when  the  basin  is  drained  to  aiiow  further  repair  work,  that  the  lever  of  tlie 
basin  be  reduced  slowly,  at  the  rate  uf  one  to  two  feet  per  day,  in  order  to 
allow  hydrostatic  pressure  on  the  underside  of  the  basin  floor  to  dissipate 
and  not  force  out  the  expans.ion  joint  inaLeriaJ  or  uplift  the  slab. 

In  conclusion,  t(ie  report  states  that  a  comprehensive  engineering 
investigation  of  the  north  basin  is  reguireo  to  determine  the  requireu 
structural  repairs  as  well  as  the  iiiost  feasible  and  economical  means  ot 
accomplishing  the  repairs.  It  recommends  that  the  south  basin  also  be 
inspected  and  repaired  where  necessary  in  a  manner  similar  to  that  used  in  the 
north  basin.  The  report  states  that  with  a  few  major  improvements,  the 
reservoir  structure  should  continue  to  function  satisfactorily  for  quite  some 
time.  However,  it  does  caution  that  replacement  of  the  expansion  hearing 
plates  and  the  rehabilitiation  and  stabilizing  of  the  columns  supporting  the 
perimeter  beams  be  given  the  highest  priorities. 


e.  Leakage  tests  of'  the  reservoir  ‘jasins  were  peitorineu  i.y  personnel  of 
the  Water  Division  during  Februe''y  ana  Marcli  uf  1973  ana  a  leport  entitled 
"Finaings  at  Compton  Hill  Reservoir,  Spring  1973",  wa^  ‘.uDsl guently  prepareu. 
The  report,  whicli  is  dated  August  9,  1979  also  deseriht;s  ti.e  structural 
condition  of  the  two  basins  as  founu  curing  a  recent  Inspection  and  a  series 
of  excavations  made  to  cfieck  the  conaition  of  tlie  utiderside  of  tiie  footing  for 
the  exterior  wail  at  the  north  side  of  the  reservoir.  'Ihis  report  is  inciuaec 
herewith,  reference  Charts  h-1  througii  '4-32.  Accoraing  to  the  author,  Hr. 
Joseph  J.  Kanmerer,  Jr.,  Assistant  Divisiuti  engineer.  Design  and  Construction 
Section,  City  of  St.  Louis  Water  Division,  the  inspection  of  the  basins  was 
made  at  about  the  same  time  as  the  bverurup  &  Parcel  inspection,  and  tlie 
excavations  of  the  footings  for  ttie  nortfi  wall  were  made  as  a  result  of  a 
recommendation  contained  in  the  Sveiurup  «  l^arcel  report. 

According  to  the  report,  in  oraer  to  check  leakage  from  tfie  reservoir, 
first  the  south  basin  was  taken  out  of  use  wiiile  the  norti'i  oasin  remained  in 
service,  and  then  the  nortfi  basin  was  taken  out  of  use  wiiile  ttie  south  basin 
remainea  in  service.  During  tne  period  tne  basins  were  out  of  service,  or 
isolated,  readings  of  the  basin  levels  were  made.  The  report  states  that 
during  the  period  tlie  south  basin  was  isedated,  a  totui  of  d  cays,  the  level 
within  the  basin  droppeu  2.79  feet  wiiich  corresponds  to  an  average  loss  rate 
of  0.52b  MOD.  Tests  were  also  maue  during  a  period  when  ttie  level  of  the 
in-service  (north)  basin  was  below  the  isolated  (south)  basin,  and  also  when 
the  level  of  the  in-service  (north)  oasin  was  above  the  level  of  the  isoiateo 
(south)  basin.  After  applying  several  factors  to  account  for  transmission  of 
flow  between  the  two  basins,  it  was  concluded  that  the  calculated  rate  of 
leakage  from  tne  soutti  basin  was  about  MOD.  Water  level  readings  taken 

during  the  test  period  illustrating  the  rise  and  fall  of  the  north  basin  and 
the  loss  of  water  from  the  soutti  basin  are  stiown  on  Plate  13.  A  similar  test 
was  performeo  at  the  north  basin.  Accurding  Lo  ttie  report,  ttie  test  period 
for  the  north  basin  was  16  days,  the  level  dropped  1.16  feet,  ana  the  average 
rate  of  loss  was  0.115  MGD.  Adjusting  this  rate  fur  transmission  from  ttie 
south  basin,  the  calculated  rate  of  leakage  from  the  north  basin  was  about 
0.093  MGD.  water  level  readings  taken  uuring  the  test  period  illustrating  the 
rise  and  fall  of  the  south  basin  and  ttie  loss  of  water  from  the  north  basin 
are  stiown  on  Plate  lA. 


The  report  points  out  that  the  i.eaKage  t'run  tne  suuili  uasin  is  about 
A-to-5  times  as  great  as  the  leakage  f'rui..  the  nuiLn  btc^in.  Mr.  Kainmerer 
theori.res  tiiat  an  unaeryrouno  drainage  ../steiii  allows  rhe  leakage  from  the 
south  basin  to  uissipate  into  the  sarruunuing  park  soil  (more  likely  une,  or 
more,  old  fillea-in  sink  holes)  without  causinr;  n.an;ayif  to  ttie  embankment 
slopes,  whereas  the  north  basin  has  no  sucti  suosurt'ace  srainayo  system,  and  as 
a  result,  water  from  the  basin  is  surK.cirig  on  ttie  ncrtn  slope  ar.rl  causing 
soaie  erosion  prolems.  Ttie  author  ooi.o i.ujes  ‘.hut  eons tjuct ion  of  tr.e  new 
highway,  is  responsible  fur  uist  iruiny  the  natuiaj  unoeryrounu  drainage, 

which  has  resulted  in  some  erosion  oamaye  to  tne  nortii  .^.ope. 

In  the  seccno  section  of  the  report,  Mr.  Kamii,erer  presents  ttie  finoings  of 
inspections  of  the  interior,,  of  the  nortti  and  soutfi  basins  with  respect  to  the 
structural  condition  of  these  basins.  Due  to  time  limitations,  only  a  very 
cursory  inspection  of  the  south  basin  was  maae,  and,  except  for  indicating 
that  no  problems  of  major  proportions  were  noteu,  no  details  of  structural 
conaitions  are  given.  However,  according  to  the  report,  tne  north  basin  was 
extensively  inspected  and  surveyed. 

The  writer  mentions  that  several  floor  slabs  along  the  west  side  of  the 
reservoir  were  found  to  be  uplifted  up  to  4  inches,  and  cracked.  These 
uplifted  slabs  were  removed,  repairs  were  made  to  the  subpavement  including 
the  waterproofing  membrane,  ana  new  slabs  were  installed.  The  locations  of 
the  new  pavement  slabs  are  shown  on  City  Drawing  4532,  reference  Plate  15. 

The  report  states  that  the  division  wall  was  founo  to  be  in  souno 
structural  condition,  although  water  leaked  through  the  expansion  joints  and 
at  cracks  in  the  wall.  Leakage  was  also  noticed  at  the  sluice  gates  in  the 

two  gate  chambers,  and  at  the  sewer  gate.  The  stem  of  the  sewer  gate  was 

found  to  be  slightly  bent. 

The  author  states  that  the  slopes  of  the  basin  were  in  goou  condition, 
although  in  some  places  the  pavement  joint  material  was  in  bad  shape  ansJ 
repairs  had  to  be  made.  The  irethod  of  repair  is  decribed  in  the  report.  The 
interior  side  of  the  perimeter  wail  was  found  to  be  in  good  structural 

condition;  however,  tlie  exterior  side  was  found  to  be  spalling  badly.  The 
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roof  appeared  to  be  structurally  sound,  with  the  exception  of  some  scatfereo 
spalling  where  ttie  reinforcing  bars  were  exposec.  Mr.  Kanimexcr  states  tfiat 
the  roof  beams  in  general  ioekeu  goou,  although  a  few  beams  near  the  top  of 
the  slope  where  they  could  be  more  closely  examineb,  were  crackeo. 

The  report  indicutes  that  the  most  obvious  problem  concerns  the  columns  at 
the  edge  of  the  roof,  wnich  were  constiuctea  abutting  t!ie  vertical  wall  about 
the  basin,  in  oraer  to  allow  for  expansion  and  contraction  of  the  roof 
system,  brass  plates  were  cast  in  the  top  of  the  columns  and  the  unaerside  of 
the  roof  beams  at  these  colunins.  The  author  theorizes  that  tfie  brass  plates 
bind  during  the  contraction  cycle  of  movement,  and  points  out  that  the  columns 
furthest  from  the  center  of  the  structure  have  moved  the  most,  with 
displacement  at  much  as  7  inches  observed.  Since  a  sin.ilar  inspection  of  the 
basin  was  made  by  Water  Division  personnel  in  1970  at  which  time,  according  to 
individuals  participating  in  the  inspection,  no  significant  movement  of  these 
columns  was  noticed,  Mr.  Kammerer  is  of  the  opinion  that  the  condition  has 
worsened  consiaerabiy  since  1970.  (Having  given  this  premise  more  thought 
since  writing  the  report,  Mr.  Kammerer  now  believes  that  movement  of  these 
columns  was  probably  overlooked  ouring  the  1970  inspection.)  The  relationship 
Detween  the  I-4A  construction  wfiich  took  place  about  1970,  and  the  movement  of 
the  columns  is  considered;  fiowever,  no  conclusions  are  drawn  to  indicate  the 
highway  construction  to  be  a  cuntributing  factor.  A  recommendation  is  made 
that  correcting  the  problem  with  the  columns,  as  endorsed  by  Sverdrup  &  Parcel 
in  their  report,  be  given  tiie  higfiest  priority.  Ttie  report  also  points  out 
that  most  of  the  columns  within  the  basin  show  signs  of  distress,  sonie  more  so 
than  others. 

In  conclusion,  the  autJior  states  tnat  lining  of  the  basin  will  halt  the 
leakage,  but  that  it  would  be  very  costly  to  do  so,  and  that  it  is  best  to  do 
the  structural  repair  work  at  this  time  and  the  lining  at  some  future  time, 
although  lining  of  the  basin  would  be  beneficial  to  the  outside  walls,  since 
it  would  stop  the  flow  of  water  through  tne  wall  which  is  contributing  to 
spalling  of  the  surface  on  the  outside  of  the  wall.  It  is  also  recommended 
that  a  more  detailed  inspection  of  the  south  basin  be  made  at  the  earliest 
opportunity,  and  especially  the  columns  and  roof  system  in  order  to  see  if 
conditions  similar  to  that  found  at  the  north  basin  exist. 
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Elevations  of  column  fontiniis,  iin ■.istirunicnls  of  niovument  iiftwriMi  cc.lijnin', 
and  roof  beams,  measurements  of  gaps  h'>tween  end  uoluii-ns  and  ^-lis,  anu 
between  the  slope  pavement  and  wall,  u-e  shown  on  Wati  r  Division  ijrawings  a‘332 
and  A533,  reference  Plates  11  and  Is. 

In  the  third  section  of  the  report,  Mr.  Kammerer  presents  the  findings  at 
a  series  of  excavations  made  to  check  the  condition  of  the  footing,  subgrade, 
etc.,  of  the  vertical  wall  at  the  nortii  end  of  the  reservoir.  The  locatons  of 
these  excavations  are  shown  on  Drawings  453?  and  4533,  Plates  i.5  aric  16,  and  a 
schedule  indicating  the  size  of  each  is  pr^rsented  on  Drawing  4533. 

To  summarize  this  section  of  the  report,  several  of  the  excavations,  there 
were  13  excavations  in  all,  showed  that  tlis  earth  hao  settled  up  to  1.5  inches 
beneath  the  footing,  a  vertical  crack  was  found  in  the  footing  of  one  of  the 
excavations,  a  tension  crack  was  found  in  one  iff  the  concrete  piles  supporting 
the  footing,  and  two  holes,  one  of  which  was  about  2  inches  iff  diameter,  were 
found  in  the  steel  sheet  piling.  Trie  writer  states  that  the  holes  in  the 
piling  were  sealed.  During  this  time,  the  north  basir^  was  being  refilled  and 
it  was  necessary  to  pump  water  from  the  excavations.  However,  by  directing 
the  pump  discharge  down  the  stairs  at  the  northeast  corner  of  the  reservoir, 
it  was  found  that  the  north  sli.oe  dried  noticeably.  Since  it  becam.e  apparent 
that  sealing,  or  even  finding  all  of  the  sources  of  leakage  through  the  sheet 
piling  would  be  nearly  impossible,  these  exploratory  excavations  were  halted. 
Mr.  Kaminerer  reported  that  it  was  then  decided  to  install  the  4-inch  diameter 
pipe  subdrain  system  that  runs  parallel  and  adjacent  to  the  north  wall  in 
order  to  intercept  the  leakage  at  this  location.  It  is  about  this  time  that 
Water  Division  Drawings  4536  and  4537,  reference  Plates  17  and  18,  were 
prepared  showing  the  relationship  of  the  north  end  of  the  reservoir,  including 
the  4-inch  diameter  subdrain,  and  the  highway. 

According  to  Mr.  Kammerer,  during  the  period  of  January  through  April  of 
1975,  certain  repairs  were  made  to  the  perimeter  beams  and  columns  of  the 
north  basin.  These  repairs  consisted  primarily  of  the  installation  of  new 
expansion  plates  at  the  locations  of  the  original  brass  plate  type  expansion 
plates  at  each  of  the  columns  adjacent  to  the  outside  wall  of  the  reservoir 
structure.  Mr.  Kammerer  reported  that  after  relieving  the  beam  load  on  the 


column,  the  brass  plate  of  the  column  was  removed  along  with  about  8  inches  of 
concrete  beneath  the  plate  at  the  top  of  the  column;  a  Teflon  coated 
stainless  steel  plate  with  stainless  steel  anchors  was  grouted  in  place  at  the 
column;  a  similar  Teflon  roated  brass  ;  .  ite  was  gluei),  using  an  epoxy  type 
adhesive,  to  the  old  brass  plate  of  the'  beam;  and  last,  the  temporary 
supports  of  the  beam  were  removed  and  the  beam  was  allowed  to  rest  on  the 
column.  Mr.  Kammerer  also  reported  tltat  no  repairs  were  made  to  tlie  expansion 
plates  of  tht’  south  basin  since  a  recent  inspection  of  the  roof  support  system 
for  this  basin  indicated  the  original  expansion  plates  were  functioning 
satisfactorily . 

f.  As  a  result  of  a  slight  slope  lailure  of  the  north  embankment  slope 
ttiat  apparently  occurred  sometime  in  1072,  an  invest'igation  of  the  staoility 
of  the  north  slope  was  made  during  a  two  y(,’ar  period  beni/)ning  in  the  spring 
of  1973.  Subseauently ,  a  report  titled  ''Slope  btability  Study  of  Compton  Hill 
Reservoir",  dated  June  28,  1977,  reference  Charts  A-33  through  4-46,  was 
prepared.  A  drawing  showing  the  north  slope  of  the  reservoir  embankment, 
piezometers  installed  within  tlte  north  slope  for  the  purpose  of  measuring 
ground  water  levels,  the  4-inch  subdrain  pipe  installed  in  1973  by  the  Water 
Division,  and  the  1-44  highway  retaining  wall,  including  the  18-inch  diameter 
subdrain  at  the  wall,  is  snown  on  Water  Division  Drawinci  4345,  reference  Plate 
19. 

In  the  report,  which  was  written  by  Stephen  J.  Runde,  Civil  Engineer  11, 
Design  and  Construction  Section,  City  of  St.  Louis  Water  Division,  procedures 
for  investigating  the  stability  of  the  slope  as  well  as  the  effectiveness  of 
the  4-inch  subdrain  are  described.  The  report  states  that  seven  piezometers 
were  installed  in  the  north  slope  in  Ajiril  of  1975  for  the  purpose-  of 
maintaining  ground  water  levels.  Hased  on  readings  of  ground  water  levels, 
the  author  is  of  the  opinion  that  water  is  flowing  in  a  northeastwardly 
direction,  that  the  4-inch  subdrain  system  is  performing  W'-'ll,  and  that  the 
presence  of  excessive  ground  water  within  ttie  r=lope  is  eliminated.  Mr.  Runde 
states  that  since  the  soil  is  of  high  strength  and  the  4-inch  drain  is 
maintaining  the  slope  dry,  the  slope  is  very  stabli.-  provided  that  the  filter 
material  about  the  suhdrain  pipes  is  effective  in  preventing  the 
transportation  of  soil  solids.  Samples  of  the  flow  iri  the  4-inch  and  18-inch 


pipes  were  obtained  and  tested.  By  inspection  of  the  samples,  it  was 
determined  that  no  suspended  solids  were  present.  Adiiitional  tests  were  maoe 
to  check  the  amount  of  dissolved  solids;  however,  these  tests  only  indicated 
that  the  mineral  content  of  the  samples  increased  with  the  level  of  the 
reservoir,  that  the  minerals  found  were  not  consistent  with  those  present  in 
the  overlying  soil,  and  even  so,  loss  of  these  minerals  did  not  affect  the 
strength  of  the  soil.  Piping  of  the  soil  was  therefore  ruled  out  as  a  likely 
cause  of  slope  failure. 

In  conclusion,  Mr.  Runde  states  that  the  slope  is  stable  and  that  no 
further  investigations  are  necessary  at  this  time.  It  is  recommended  that  the 
piezometers  be  monitored,  flow  measurements  of  the  drains  be  made,  samples  of 
the  flow  be  taken  in  order  to  check  for  solids,  and  that  all  of  these  items  be 
done  on  a  three  to  four  month  basis. 

Records  of  flow  and  the  results  of  total  solid  tests  performed  on  samples 
obtained  from  the  two  subdrains  for  the  period  beginning  June  30,  1975  and 
ending  December  28,  1976  are  shown  on  Charts  4-A3  and  h-hk.  Records  of 
piezometer  ground  water  levels  for  the  period  beginning  May  15,  1975  and  April 
29,  1977  are  shown  on  Charts  4-45  and  4-46.  Additional  flow  measurements  for 
the  period  November  8,  1978  through  June  29,  1979  and  the  period  August  3, 

1979  through  February  6,  1981  are  shown  on  Chart  4-47;  additional  piezometer 
readings  for  the  period  July  3,  1979  through  February  6,  1981  are  presented  on 
Chart  4-48.  R.  E.  Sauthoff,  Civil  Engineer,  Horner  &  Shifrin,  was  present 
during  the  February  6th  readings  of  piezometer  ground  water  levels  and 
subdrain  flows.  The  flow  periods  shown  on  Chart  4-47  are  the  times  in  seconds 
required  to  fill  a  2.5  gallon  bucket,  which  for  the  February  6,  1981  readings 
for  the  4-inch  drain  corresponds  to  cbout  8.1  gpm  (11,660  gpd)  and  for  the 
18-inch  drain,  to  approximately  26.5  gpm  (38,160  gpd).  Due  to  the  fact  that 
the  flow  readings  for  the  18-inch  drain  were  taken  at  a  manhole  located 
downstream  of  the  junction  of  the  4-inch  drain,  the  values  shown  on  Chart  4-47 
and  above  for  the  18-inch  drain  also  include  the  flow  in  the  4-inch  drain,  and 
therefore,  the  actual  flow  in  the  13-inch  drain  is  the  difference  between  the 
two  readings,  or  in  the  above  instance,  16.4  gpm  (26,500  gpd). 
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According  to  tiie  Stanley  T.  Fletcher,  OivisLon  L'nqineer,  Design  and 
Construction  Section,  City  of  St.  Louis  water  Division,  two  sets  of  iron  rods 
were  set  within  the  north  embarikment  for  the  [jurpose  of  monitor  inn  movernent  of 
the  slope.  The  locations  of  these  rods  were  checked  (/oricdica 1 1 y  by  the  Water 
Division  beginning  on  November  3,  1978  and  emlinn  on  bct.ober  2,  1979,  and 
records,  reference  Chart  A-a9,  were  maintainoil.  Soine  iiiovement  of  the  rods,  up 
to  7/8-inch,  is  indicated.  However,  Mr.  Kanm'rer  is  of  the  oplnioi;  that  the 
rods  may  have  been  disturbed  by  equii'ment  used  to  I'ut  Mu:;  (irass  as  otiiers 
obviously  were  and,  therefore,  the  readinqs  are*  somewhat  questionable.  The 
rod  locations  are  no  longer  measured  since  all  liavt'  oi  flier  tu’cn  disturbed  or 
are  missing. 

4.3  MAINTENANCE  OF  OPERATING  FACILIilFS 

According  to  Carl  R.  Schumacher,  Division  Engineer,  Supply  &  Purifying 
Section,  as  reported  by  Joseph  J.  Kammerer,  tlie  gate  operators  for  the 
manually  operated  sluice  gates  in  the  east  and  west  gate  chambers  are 
serviced,  but,  because  it  is  felt  that  other  items  have  a  higher  maintenance 
priority,  /iot  on  a  regular  basis.  According  to  Thomas  A.  Rothermich,  Division 
Engineer,  Operating  Section,  the  motorizeu  sluice  oate  operators  are  remotely 
test  operated  once  a  munth,  and  ttie  sluice  gates  are  fully  closed  once  a 
year.  Mr.  Rothermich  reported  that  the  level  transmitted  by  the  telemetering 
equipment  is  checked  daily  by  comparison  with  the  level  indicated  by  the  staff 
gage  located  in  the  west  gate  liouse  of  the  reservoir.  Mr.  Rothermich  also 
indicated  the  high  water  alarm  is  ehi^cked  once  every  2  years,  and  that  the 
full  range  of  level  sensing  is  checked  evu'ry  9  years.  Mr.  Kammerer  reported 
that  the  emergency  gasoline  operated  generator  located  in  the  west  gate  house 
is  test  started  once  a  month  to  insure  its  operation. 

A. 4  OESCRIPTICJN  OF  ANY  WARNING  SYShM  IN  EFFECT 

According  to  Stanley  T.  Fletcher,  Division  Engineer,  Design  &  Construction 
Section,  the  reservoir  is  routinely  observed  dijring  the  day  by  Water  Division 
personnel  as  well  as  by  employees  of  the  Parks  Department  during  the  grass 
growing  season,  and  by  the  City  police  patrolling  the  neighhorhond  area.  Mr. 
Fletcher  indicated  that  in  case  of  an  emergency,  such  as  the  iminent  failure 
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of  the  reservoir  embankment  or  wall,  the  remotely  operated  sluice  gates 
controlling  inflow  to  the  reservoir  would  he  closed  and  the  sluice  gates  at 
the  sewer  chamber  on  tlie  east  side*  of  the  structure  would  be  opened  and  the 
basins  would  be  drained  as  quickly  as  possible.  As  previously  Indicated,  the 
level  of  the  reservoir  is  continuously  monitored  by  a  telemetering  system,  and 
a  high  level  alarm  device  is  provided. 

4.5  EVALUATION 


It  is  recommended  that  monitoring  of  the  north  slope  of  the  reservoir 
embankment  continue  as  planned.  It  is  also  recommended  that,  as  soon  as 
practical,  repairs  be  made  to  the  columns  and  beams  supporting  the  north  basin 
roof  system,  and  that  a  detailed  inspection  of  the  interior  of  the  south  basin 
be  made  in  ttie  near  future  in  order  to  tietermine  its  structural  condition.  In 
order  to  accomplish  this  inspection,  it  will  be  necessary  to  drain  the  basin, 
and,  as  stated  in  the  Sverdrup  A  Parcel  report,  the  basin  should  be  lowered  at 
a  rate  not  to  exceed  l-to-2  feet  per  day  in  order  to  ovoid  damage  by 
hydrostatic  pressure  to  the  floor  of  the  basin. 

The  slope  stability  study  of  the  north  embankment  of  tlie  reservoir, 
performed  in  1977  by  Stephen  3.  Runde,  is  considered  to  be  of  limited  value 
since  the  stability  of  the  slope  is  evaluated  in  terms  of  past  performance, 
i.e.,  Mr.  Runde  argues  that  since  conditions  relating  to  the  slope,  such  as 
the  level  of  the  ground  water  table,  have  improved  or  in  the  case  of  the  two 
subdrains,  are  as  good  as,  or  better  than,  that  existing  before  the  highway 
was  constructed,  the  slope  is  stable.  Although  this  reasoning  has  logic,  it 
does  not  consider  the  fact  that  tlie  stability  of  the  slope  could  be  marginal 
and  that  the  factor  of  safety  is  borderline.  As  indicated  in  Section  2, 
paragraph  2.1,  an  extensive  investigation  of  the  north  side  embankment  was 
made  by  the  Missouri  State  Highway  Department  prior  to  the  construction  of 
Interstate  Highway  44.  However,  this  investigation  was  primarily  for  the 
purpose  of  determining  the  stability  of  the  retaining  wall  to  be  constructed 
along  the  south  side  of  the  highway  adjacent  to  the  reservoir,  and  did  not 
consider  the  possibility  of  failure  of  the  reservoir  embankment  at  levels 
higher  than  the  wall,  such  as  at  the  level  of  the  bottom  of  the  piling  that 
supports  the  reservoir  wall,  or  local  failure  of  the  slope  itself,  such  as  was 
experienced  in  1972. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 


a.  Design  Data.  Design  data  pertaining  to  the  hydraulics  of  the 
reservoir  were  unavailable. 

b.  Experience  Data.  The  level  of  water  contained  within  the  reservoir 
is  unaffected  by  precipitation  and/or  storm  water  runoff.  As  previously 
indicated,  the  level  of  the  reservoir  is  dependent  upon  user  demand  and 
leakage.  The  reservoir  is  supplied  with  potable  water  by  pumping  from  the 
City's  Chain  of  Rocks  Treatment  Plant.  However,  it  can  also  be  supplied, 
through  a  number  of  bleeder  valves  at  cross  connections,  by  the  Stacy  Park 
Reservoir.  Reservoir  inflow-outflow  varies  and  no  metering  of  flow  at  the 
reservoir  is  made. 

c.  Visual  Observations. 

(1)  The  reservoir  is  divided  into  two  identical  basins  by  a 
centrally  located  division  wall.  Each  basin  contains  approximately  135.0 
acre-feet  (44.0  MG)  of  water  at  normal  high  water  level,  and  140.5  acre-feet 
(45.75  MG)  of  water  at  the  overflow  level.  The  basins  are  normally  operated 
in  parallel,  but  can  be  independently  operated  via  a  system  of  gates. 

(2)  Two  openings,  one  for  each  basin,  each  approximately  1.4  feet 
high  by  6.0  feet  long,  located  in  the  sewer  well  of  the  east  gate  chamber  near 
the  top  of  the  structure,  is  provided  for  basin  overflow  in  the  event  of 
surcharge  in  excess  of  the  maximum  high  water  level.  The  level  of  the 
reservoir  is  continuously  monitored  and  the  surface  elevation  is  transmitted 
by  a  telemetering  system  to  both  the  Chain  of  Rocks  Plant  and  the  Kingshighway 
Avenue  Office  of  the  Water  Division.  Normal  high  water  level  is  about  1.2 
feet  below  the  crest  of  the  two  overflow  openings.  An  alarm  is  sounded  at  the 
Chain  of  Rocks  Plant  and  at  the  Kingshighway  Avenue  Office  in  the  event  the 
reservoir  level  exceeds  the  normal  level  by  1.0  foot. 
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(3)  A  20-inch  diameter  pipe  sewer  is  provided  to  drain  the  sewer 
well  at  the  east  gate  chamber.  A  gate  valve,  normally  open,  is  located  on  the 
sewer  at  a  point  approximately  68.5  feet  due  east  of  the  wall  about  the 
perimeter  of  the  reservoir.  The  drain  line  connects  to  the  City's  sewer 
system  at  a  manhole  located  at  the  intersection  of  Compton  Hill  Place  and 
Geyer  Avenue. 

d.  Hydraulic  Analysis.  An  investigation  of  the  20-inch  diameter  pipe 
sewer  that  serves  to  drain  the  reservoir  was  made.  The  purpose  of  this 
investigation  was  to  determine  the  capacity  of  this  outlet  in  order  to  make 
some  judgement  of  its  adeguacy  with  respect  to  the  capacity  of  the  two 
i.;er  Ings  located  within  the  sewer  well  of  the  east  chamber. 

Investigations  of  the  hydraulics  of  the  20-inch  sewer  indicated  the 
capacity  of  the  pipe  to  be  approximately  30  cfs,  since  for  flows  greater  than 
about  30  cfs,  it  was  found  that  the  hydraulic  gradient  exceeded  the  level  of 
the  top  of  the  manhole  located  just  downstream  of  the  sewer  valve.  A  profile 
of  the  20-inch  diameter  showing  the  relative  locations  and  elevations  of 
pertinent  features  is  presented  on  page  B-2  of  Appendix  8.  An  investigation 
of  the  hydraulics  of  the  two  1.4-foot  high  by  6.0  foot  wide  openings  provided 
for  overflow  of  the  reservoir  basins  indicated,  using  a  weir  approach,  that 
the  two  openings  could  pass  flow  up  to  about  50  cfs  before  the  top  of  the 
opening  was  exceeded  by  the  level  within  the  reservoir.  It  was  therefore 
concluded  that  the  governing  feature  for  draining  the  facility  is  the  20-inch 
diameter  sewer. 

If  it  is  assumed  that  inflow  to  the  reservoir  is  not  suspended  at  the 
normal  high  elevation  level  (elevation  185.4),  or  at  the  high  water  alarm 
level  (elevation  186.4),  and  if  it  is  also  assumed  that  the  inflow  to  the 
reservoir  is  egual  to  approximately  50  percent  of  the  pumping  capacity  of  one 
of  the  distribution  pumps  located  at  the  Chain  of  Rocks  Treatment  Plant,  (the 
remaining  50  percent  being  dispersed  by  the  distribution  system),  the  net  flow 
entering  the  reservoir  and  overflowing  the  two  openings  at  the  sewer  well 
would  then  amount  to  approximately  31  cfs.  Reservoir  outflow  of  31  cfs  is 
less  than  the  capacity  of  the  two  overflow  openings  and  approximately  egual  to 
the  capacity  of  the  20-inch  pipe  sewer.  It  was,  therefore,  concluded  that  the 
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sewer  provided  to  drain  the  reservoir  as  well  as  the  basin  overflow  openings 
are  of  adequate  proportions  in  the  event  of  failure  to  terminate  reservoir 
inflow,  and  no  revisions  to  these  features  are  considered  necessary.  In 
addition,  no  hazardous  or  damaging  consequences  relating  to  releases  through 
the  overflow  openings  at  the  sewer  chamber  were  reported  by  the  Owner's 
representative. 

As  previously  indicated,  for  sewer  flow  in  excess  of  30  cfs,  the  hydraulic 
gradient  will  exceed  the  level  of  the  top  of  the  manhole  located  just 
downstream  of  the  sewer  valve  and  some  local  flooding  of  the  area  at  this 
location  may  occur.  Flooding  of  this  area  is  not  expected  to  be  of  serious 
consequence  due  to  the  fact  that  the  excess  flow  will  be  retained  between  curb 
lines  of  the  adjacent  (Compton  Hill  Place,  Geyer  Avenue)  downstream  streets 
and  collected  by  the  various  curb  inlets  located  along  these  streets. 

However,  it  is  recommended  that  drainage  of  the  reservoir  basins  be  controlled 
in  order  to  prevent  surcharging  the  sewer  outlet  to  the  point  that  overflow  of 
the  manhole  occurs. 

Calculations  of  sewer  capacity,  overflow  capacity,  and  assumed  reservoir 
inflow,  are  presented  on  pages  B-3  through  B-6  of  Appendix  B. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  of  conditions  which 
adversely  affect  the  structural  stability  of  the  reservoir  are  discussed  in 
Section  3,  paragraph  3.1c  and  in  Section  4,  paragraph  4.2. 

b.  Design  and  Construction  Data.  Readily  available  design  data  relating 
to  the  structural  stability  of  the  reservoir  is  limited  to  the  details  shown 
on  the  construction  plans,  to  stability  analyses  of  the  reservoir  walls  and  to 
investigations  of  the  north  side  of  the  reservoir  by  the  Missouri  State 
Highway  Department  prior  to  construction  of  Interstate  Highway  44.  Records  of 
construction  data  relative  to  the  structural  stability  of  the  reservoir,  such 
as  tensile  tests  of  reinforcing  steel,  concrete  compression  tests,  and  soil 
compaction  tests,  were  unavailable.  Seepage  and  stability  analyses  of  the 
reservoir  embankment  comparable  to  the  requirements  of  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  were  not  available,  which  is 
considered  a  deficiency.  These  seepage  and  stability  analyses  should  be 
performed  for  appropriate  loading  conditions  (including  earthquake  loads)  and 
made  a  matter  of  record. 

c.  Operating  Records.  Records  beginning  in  1960  of  the  reservoir  level 
are  on  file  at  the  Water  Division's  Chain  of  Rocks  Treatment  Plant.  Records 
of  the  reservoir  level  prior  to  1960  have  been  discarded.  Records  of  the 
ground  water  level  at  the  piezometers  in  the  north  slope  of  the  reservoir 
embankment,  the  flows  in  the  4-inch  and  18-inch  pipe  subdrains  at  the  north 
slope,  and  measurements  of  iron  rods  set  in  the  slope  are  available  at  the 
Kingshighway  Avenue  office  of  the  Water  Division.  This  data  is  also  included 
herein,  reference  Charts  4-47  through  4-49. 

d.  Post  Construction  Changes.  Two  major  post  construction  changes  have 
taken  place  since  the  reservoir  was  originally  constructed  in  1868-1870  that 
are  considered  to  have  a  bearing  on  the  structural  stability  of  the 
reservoir.  The  first  such  change  occurred  in  1915-1916  when  the  rCsServoir  was 
raised  approximately  10  feet  by  the  addition  of  a  wall  about  the  perimeter  of 
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the  structure.  As  indicated  in  Section  2,  paragraph  the  stability  of 

the  reservoir  wall  was  investigated.  However,  an  investigation  of  the 
stability  of  the  earthen  embankment  about  the  reservoir  was  unavailable.  The 
second  change  occurred  in  about  1969  when  Interstate  Highway  4A  was 
constructed  adjacent  to  the  north  side  of  the  reservoir,  and  as  a  part  of  this 
construction,  which  is  in  cut,  a  retaining  wall  was  constructed  near  the  north 
embankment.  As  indicated  above,  an  extensive  investigation  of  the  north  side 
of  the  reservoir  was  made  by  the  Highway  Department  to  insure  the  stability  of 
the  highway  retaining  wall  adjacent  to  the  reservoir.  Also,  in  1933,  a  roof 
was  added  to  cover  the  north  and  south  basins  of  the  reservoir.  Since  the 
structural  condition  of  some  elements  of  the  roof  system  is  somewhat  suspect, 
failure  of  the  roof  is  a  possibility.  However,  it  does  not  appear  likely  that 
such  a  failure  would  affect  the  overall  structural  stability  of  the  reservoir. 

e.  Seismic  Stability.  The  reservoir  is  located  within  a  Zone  II  seismic 
probability  area.  An  earthguake  of  the  magnitude  that  might  occur  in  this 
area  would  not  be  expected  to  cause  structural  damage  to  this  facility 
provided  that  static  stability  conditions  are  satisfactory  and  conventional 
safety  margins  exist.  However,  it  is  recommended  that  the  prescribed  seismic 
loading  for  this  zone  be  applied  in  any  stability  analyses  performed  for  the 
reservoir  embankment  and  wall. 


SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety .  As  noted  during  the  inspection,  the  exterior  surface  of  the 
concrete  wall  about  the  reservoir  is  badly  spalled  in  many  areas.  In  some 
locations,  the  steel  reinforcing  bars  at  the  top  of  the  wall  (not  the 
principal  steel)  are  exposed,  and  in  other  places,  lime  residue  indicating  the 
seepage  of  water  through  the  wall  was  evident  at  the  locations  of  cracks  in 
the  concrete.  According  to  inspection  reports  by  the  Water  Division,  these 
structural  defects  have  been  apparent  for  some  time. 

Although  not  actually  observed  during  the  visual  inspection,  records 
provided  by  the  Water  Division,  of  previous  inspections  of  the  north  basin  of 
the  reservoir  indicated  that  many  of  the  columns  supporting  the  roof  system 
are  severely  overstressed  and  deflected,  in  some  instances  adjacent  to  the 
outside  walls  of  the  structure,  to  the  extent  that  very  little  support  is 
provided  the  roof  beams.  Although  it  has  been  reported  that  repairs  have  been 
made  to  the  perimeter  column  and  beam  expansion  plates  and  that  the  area  of 
bearing  of  the  beam  on  the  column  has  been  increased  somewhat,  no  judgement  of 
the  condition  or  effectiveness  of  these  repairs  can  be  made  siiice  an 
inspection  of  the  reservoir  interior  was  not  made.  However,  it  is  known,  as 
indicated  above,  that  there  are  columns  and  beams  within  the  north  basin  that 
are  in  poor  structural  condition  and  in  need  of  repair. 

Seepage  and  stability  analyses  of  the  reservoir  embankments  were  not 
available  for  review,  and  therefore,  no  judgment  could  be  made  with  respect  to 
the  structural  stability  of  the  embankment  of  the  reservoir. 

b.  Adeguacy  of  Information.  The  engineering  data  available  for 
assessing  the  design  and  construction  of  the  reservoir  is  considered  adeguate 
for  the  purpose  of  this  investigation.  As  indicated  above,  seepage  and 
stability  analyses  of  the  reservoir  embankments  comparable  to  the  reguirements 
of  "Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not  available, 
which  is  considered  a  deficiency. 
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c.  Urgency .  The  remedial  measures  recommended  in  paragraph  7,2  for  the 
items  concerning  the  safety  of  the  dam  noted  in  paragraph  7.1a  should  he 
accomplished  within  the  near  future. 

d.  Necessity  for  Phase  IT.  Rased  on  the  results  of  the  Phase  I 
inspection,  a  Phase  II  investigation  is  not  recommended. 

e.  Seismic  Stability.  The  reservoir  is  located  within  a  Zone  II  seismic 
probability  area.  An  earthquake  of  the  magnitude  that  might  occur  in  this 
area  would  not  be  expected  to  cause  structural  damage  to  this  facility 
provided  that  static  stability  conditions  are  satisfactory  and  conventional 
safety  margins  exist.  However,  it  is  recommended  that  the  prescribed  seismic 
loading  for  this  zone  be  applied  in  any  stability  analyses  performed  for  the 
reservoir  embankment. 

7.2  REMEDIAL  MEASURES 

a.  Recommendations.  The  following  actions  are  recommended. 

(1)  Obtain  the  necessary  soil  data  and  perform  seepage  and  stability 
analyses  of  the  reservoir  embankments  in  order  to  determine  the  structural 
stability  of  the  facility  for  all  operational  conditions.  These  analyses 
should  include  the  surcharge  imposed  by  the  reservoir  wall  and  the  maximum 
hydraulic  level  of  the  reservoir.  Seepage  and  stability  analyses  should  be 
performed  by  a  qualified  professional  engineer  experienced  in  soils  and 
foundation  engineering.  It  is  also  recommended  that  the  City  obtain  for  their 
files  a  copy  of  the  April  7,  1967,  Missouri  State  Highway  Department  report  of 
their  investigation  of  the  stability  of  the  north  side  of  the  reservoir. 

(2)  The  Owner  should  prepare  contingency  or  emergency  plans  which 
provide  for  steps  to  be  taken  in  the  interests  of  public  safety  in  the  case  of 
imminent  structural  failure  of  the  reservoir.  Due  to  the  fact  that  the 
reservoir  is  located  in  a  highly  populated  urban  area,  an  emergency  flood 
warning  system  is  considered  desirable  to  mitigate  potential  for  loss  of  life. 
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b.  Operations  and  Maintenance  (0  &  M)  Procedures.  The  following  0  &  M 
procedures  are  recommended. 

(1)  Repair  as  necessary  the  deteriorated  areas  of  the  outside  walls 
of  the  reservoir  and  provide  some  means,  such  as  lining  of  the  interior  side, 
of  preventing  leakage  through  these  walls.  Continued  deterioration  of  the 
concrete  and/or  reinforcing  steel  within  the  wall  could  ultimately  result  in 
structural  failure  of  the  wall.  The  wall  should  be  waterproofed  prior  to 
restoration  of  the  exterior  surface  since  moisture  seeping  through  the  wall 
will  only  result  in  re-spalling  of  these  repaired  areas. 

(2)  Although  not  considered  an  item  that  might  affect  the  safety  of 
the  reservoir,  the  Owner  is  advised  to  repair,  or  replace  as  necessary,  the 
roof  support  beams  and  columns  within  the  north  basin  of  the  reservoir.  Loss 
of  roof  support  due  to  beam  or  column  failure  could  result  in  collapse  of  a 
portion,  or  all,  of  the  basin  roof. 

(3)  Since  the  inside  of  the  north  basin  has  not  been  inspected  since 
1975  when  repairs  to  the  column  expansion  plates  were  made,  and  since  only  a 
very  cursory  inspection  of  the  inside  of  the  south  basin  was  made  in  1973,  it 
is  recommended  that  a  detailed  inspection  of  the  interiors  of  each  basin  be 
made  sometime  in  the  near  future,  and  that  similar  such  inspections  be 
instituted  on  a  periodic  basis,  such  as  every  five  years  or  so.  It  is  also 
recommended  as  is  the  policy  of  the  Water  Division,  that  records  be  kept  of 
all  inspections  made  and  remedial  measures  taken. 
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r  iini'i  i*  ti;  |'.is  h;.-:  als.i  l  .a  u  iii:r la'- i\  •  1,  an  l  ihr  i-vii-*'  nf 

'la-  «.ir  l.as  «*u  ji.ui  Ij  jjjmi  -  :  ..ij  ':n*A.jy  I’tan  ili.il  Jtij-i  a.  riy 

I  cipli'i'i  'I  l.v  ih.-  I Uii  itii;: toil  ratlwa  .  . 

h  IS  (i)  l'\  5  ••1*  i  1 1  «i  that  l  In*  in  «!u..in»*»a  wJtf..  i<'M  lain/.'i)  )m 
‘il'  Uu*  rl«-i-5iic  intlw.iy  lo-  I'a.*  nf  ij..-  ;»  .Mil*  laUi'  l  lo 

ill*'  Miitucii  al  As'.-mbly.  ll  v.oulii  hav«*  i  u -.n-ia  .j  51  uriY  :U)Mj-i*i!  ,,r 
J«wnu<‘  C.»r  jIm*  I’liy.  iiHu-h  miM  ifa.-ii.-i  to  Uk-  lUiii;;  ali.nr,  Ilin 

hia*  of  liu-  »-oa«l.  ;mil  a  j-nictiral  •Innoust  1  ai i«in  >,1'  imitiuipal 
tui'liT  o\u»in**iy  in\ kji oouliiions 

t'o'iiph.n  Hill  U*  rv.iir. 

'I'll"  r*-i»;iirs  ori  tin*  nmuH;  I-a^iu  •*:  iljo  roni’itoii  liiil  I(i*s>-i  v.-lr  wna* 
i.'niip;:  llii*  sniini.oi  inal  lull  'I'ln*  loj.is  ii.  jlu-  |,avini: 

•  ilu'  aImjm-s  !»oi  ali**:5«l>  so  tii-ai'.I.  \\«*r«*  lilio  !  with  cnmi.  i.ih-Ii*  of  a 

n.ist  tir.‘  ,,t  all’ll  t  v.  o  (ails  oj  ••  i.aj  1  of  *  .  ..iii  Ju  wai,  r.  an  I  Un- 

‘.sii’l’-  sMit.u-i*  was  al  loi  \\  ar*is  r.ii'ii  t  \  »  «.*aia  01  »-*-mrni  v.a*^li,  I  aa'.anr 

i*  st>  wini  li  w*  I.*  'ii.i.ic  llii;.  aif.T  ..co'iMa;-  | 

;*  ill  i  r. aiM*  lioin  ci;l»U-  fp.-i  to  l!v.:'i>o  oil.n-  i.*..i  jii*f  1 

l*'sls  wini-  mail*  '.vjih  ilio  wup-r  in  iln*  ]•  ai  an  uvovaa''  ili'* 

vale'll  'ij  17‘:.7. 

Sovnal  •  s -ions  o«-<-nni*.l  on  ilii*  r  m-ai  Hi.,  jni.i  H..  of  Hip 

I  a:-'.  M-le  of  ill*'  n  si-rvoli  -luiliiy  .J.ifU’.ii a-,  l:'".:.  s  of  f'. ;*nali)i‘ 

*  •/■',  (M  rl-.a|in  "  ^•••t  in  .::n*'ri  ati'l  7  *  r  s  ;.i-i  «!.  i  p  sn  lil.-iil;  [ip- 

pi-an-’i.  '[ia-M*  litM  wiih  .-aii!*  an  l  ja.n-.*  ,i  will  t>o 

Me.  sa.’v  lo  wn'i-jj  r..n*li»n’H'.  rati-lniiv  au-l  ll  p^ilmM*  Hiai  a  llmr- 
oiipii  J  •■l■oIlsl  rifJ  ion  v.oiiM  I***  a'lvi-.i'.e*  ai  j\n  lailv  ih.ir.  An  *  xani- 

inaii  iji  of  Uo*  r.i*nii  lia*-in  is  no%v  1 ’in;;  nnon*  vAh  a  vi.  v,  to  5;>aUlnn 
‘•ni-li  H'paiis  us  v\i!l  jnil  lln-  Imsin  In  i-a.  nai'iy  -ai"  «on.tili..n.  AlnnA 

fl.'  -n.iMi  was  '  Spinnl’  il  ilniini;  lli"  >•  ir  on  'op.o*;,  oi  lln-  I  u>iii:  . 

'1')m‘  M«nJ.  oj  impro*.  in:;  ll,.-  ;:'oui.il.i  in  lln-  lo. Pr  park  wsp. 
luMiiiiaMl  ilnrh.u  iln-  \Mir.  'I  lu*  roa'l>  on  Ho.  oa.-i  i  I  In  -if  iln*  juirl.  won* 
Kruil'-il  aij'!  n  •  opsi rncli'’!  an*!  Kiunli'/lil  cnM'  ja  v.oio  provl'io'i.  AcIliiK 
on  vlii*  oiunn’iv*l;vM*'u  of  Ha:  Sin  n  ( ‘ommiu'no.'n  r.  a  n"\v  pranlioi'l 
w  alls  i.  -  laid  "1.  Iho  iiorlli  of  K  issnil  ft\ot..u*.  from  (Jrai.'l  aviimin 

lo  J.ouisi:ijm  UM  niio,  in.  I  a  ;;runlioi>!  waiu  un*l  t-.nih-r  on  ilu*  w(.-ut  slilu 
oi  Lo'iisianu  avi  inu*  from  JUms*  ll  U'.m.’o.*  fo  al’O’i*  Mm  nililfl’n  of  llio 
I'Ui'k'.  Al'ouC  |;».S*M;.no  i\u‘j  i  xpoisiii-.!  on  ilu*  pjoiijols  iiiol  uIh-u!. 
lor  lh*j  vvulK  ami  KuUwra  ouh.l.ln  tif  Uio  I’urK. 

J’'vj>**r An*  nial  Siplini.H. 

In  my  liis»  rri’ort,  iTfon  noo  was  ma*li'  •*»  «  xjuTlmmital  }Hi>lunia 
which  wcr»'  pim  r-l  In-ONocn  llusim.  .\'*s.  I,  j  uiof  I'ln  s..*  hI[»1ioi 'i  liavu 
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-  ■  V. 

'  >■  ' ’  , 

• 'v  j,  Mr,'  C,  D.  Briscoe 

'  I  V.^ater  Commissioner 
^  .  Department  of  Public  Utilities 

'■^•".1' “  'i.i  '. City  Hall 

;  St. -Louis,  Missouri  63102 

'  *  -  -‘'j' 

!  i  .  !  r-« 

'  Dear  Mr.  Briscoe: 

'ir.”'  ■  b-i''''- 

..o. .  Transmitted  herewith  is  a  memorandum  rejxjrt 
•i;/  'I.'].,'  of  our  recent  inspection  of  the  Compton  Hill  Resor- 

V'  voir. . 

•.f  ‘■.  b  ;  -••*  •  '..rV 

•••.,;  ■ Recommendations  are  node  in  the  I’eport  for 
,  I,  continuing  repair  in  preparation  for  the  summer  season# 

v  ''  ■  '•'.i-s''  and  for  further  inspection.  Wliile  we  do  not  believe 
'•  i., 'I':-. -5,  there  is  the  possibility  of  an  immediate  or  catastropliic 

•  •  ‘  failure  occurring,  there  are  certain  items  which  need 

V'  to  be  examined  and  taken  care  of.  We  will  be  glad  to 

■ ,  ‘  •  V  ■•'■(>*  discuss  a  continuing  program  with  you  at  your  con- 

','.'4'^  venience, 

.4  Ya^ups  veiy  truly. 


R.  C.  West 

Executive  Vico  Pres'ldent 
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A  Report  on  Conditions  and  Recommendations 
concerning  the  Compton  Hiii  Resei-voir 


An  inspection  of  the  jn’esent  condition  of  the  h'orth  Basin 

Ctranley 
tment  met  with 


i'R’ 


of 'the' Compton  Hill  Resein/oir' was  made  on  April  19,  1973 
',j  Fletcher  and  others  of  the  St.  I/3nis  City  V/.iter  Departme: 

\  V i  Elmer  Ott  and  James  Otto  of  Sverdrup  &  Parcel  and  Associates,  Inc, 
r-,  '  to  discuss  and  attempt  to  determine  the  prohlems,  tlie  prohahle  causes, 

o' '■  i  and  the  possible  solutions. 

’  V  The  basic  situation  is  that  the  North  Basin  of  the  Canpton 

'  ■  •  Hill  Reservoir  v/as  drained  while  Highway  I-/, 4  vnc  being  constructed 

to  the  immediate  north  of  the  I'esemroir,  and  that  when  the  basin  was 
refilled,  an  objectionable  amount  of  leakage  was  noticed.  Tlio  basin 
1' ,  i.'; was  subsequontly  di’ained  again  for  inspection  a:\d  I’epatr. 

-•'  '  The  rosoi'voir  was  originally  constructed  about  1370  with 
■'fy.  k  •  earthen  v/alls,  and  v;as  reconstructed  about  1915  with  reinforced  con- 
Crete  walls  and  floor.  The  floor  system  consists  of  a  concrete  slab 
'."placed  over  the  original  puddle  clay  core,  an  asphaltic  membrane  over 
y  '  the  slab,  and  a  top  wearing  slab.  About  1930,  the  roof  for  the  reser- 

*.  ■'  voir  was  installed,  utiliziiig  coliuims  which  beai’  on  top  of  the  floor 

‘  t  system  to  avoid  penetration  of  the  v/atorjiroof  mefflto’ajie.  After  the 
construction  of  the  roof,  the  basin  remained  filled  until  being 
'drained  for  the  cons tinact ion  of  the  highway. 

'  ,1 '  ' 

'  V‘'v..'uy  ■'  '••  •  ■  Combining  a  study  of  the  drawings  of  tlic  striicturo,  a  cui'sory 

on-site  inspection  of  the  interioi*  of  tiie  basin,  ajid  the  reports  and 
'comments  of  the  V/ater  Depai’tment  porsoimel,  it  is  evident  that  in 
addition  to  the  problems  of  leakage,  tliere  are  man;>’-  instances  of 
structural  problems  in  connection  witli  the  roof  system  and  its  supports. 
.The  Water  Departaont  desires  to  refill  the  basin  in  time  to  meet  the 
peak  demands  of  the  siunmer  season,  and  accordingly,  our  roconimended 
corrective  action  combines  measures  to  abate  the  snajor  leakage  hnme- 
diately  along  with  fui’ther  v/ork  to  be  done  after  tlie  summer  season 
is  past'. 


'  ^  1  ■ 


•  Kr,'' 
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,, 
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'■'  .  ’  The  leakage  has  only.bpon  noticed  along  the  north  wall  of 

the' res ei’voir,  al  though  it  is  quite  probable  that  some  amount  of 
leakage  is  also  present  along  the  other  walls.  TliO  most  app;u’ent 
■  •  cause  of  the  leakage  v/as  the  drainage  of  tlic  basin  for  the  constiaic- 
►J  of  the  highway.  The  draw-down  v/as  pi'obably  very  rapid  and  the 

■  rY-'-v  '• 

'(.•'’.Jr  .  .  . 
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'■  ^  .resulting  exterior  iiydrostatic  pressm’G  f.gaiiist  tlio  floor  forced 

‘r'.iV-  ,  *  •  '  of  the  joint  filler  material  out  of  the  joints,  as  well  as  causij 

■  ".yjJ';'.  many 'of  the  floor  panels  to  lift  or  crack.  Further,  tiie  duratior 


>  '.I 


i'-:' 


much 
on  of 

*!*; 'VP'"  ^"the  tasin  being  empty  allowed  the  soil  beneath  the  resein/oir  to  dry 
V  but, to  some  extent.  Wl'.en  the  basin  was  subsequently  refilled,  the  now 
•  5,',' pai*tially-f  illed  joints  allowed  n  greater  leakage  which  in  turn  was 
-  able  to  erode  through  the  dried  out  soil.  From  tlie  ropm-tud  location 

'  of.  where  the  greatest  leakage  was  noticed,  it  is  most  likely  tliat  the 

-■■.•■vt  water  is  flowing  out  under  the  slab  and  wall  footing  a;id  t?ien  over 
■  k'.  the  top  of  the  puddle  clay  core.  Some  of  the  ji^Mits  in  the  floor  .slab 

'•’.V  which  v/ore  originally  tiuvo-quartex's  of  an  inch  wide  ra’c  no.v  over 

I-I/2  inches  wide . 


I  , 


'i 
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'  that  the  roof  slab  is  approximately  /,00  feet  by  ‘jOO  feet  with  the  only 


'■'■k  J 


The  structural  problems  noted  ai-e  due  mainly  to  tjie  fait 

■  ■■ 

>i,  -provision  for  expansion  and  contraction  being  provided  along  the  peri- 

meter  of  the  basin.  The  forces  induced  by  the  movements  of  the  slab 
have  produced  flexural  stresses  in  the  columns  which  have  caused  ten¬ 
sion  cracks  and  compressive  crashing  of  the  concrete  along  the  outer 
rows  of  columns,  and  this  has  subsequently  allov/ed  corrosion  of  the 
reinforcing.  The  forces  have  also  induced  many  instances  of  cracking 
:.’y '•'  .i'L*-/*;' and  spalling  of  tlie  beaii;s  immedlacoly  adjacent  to  the  columns.  Further 
k*; -bjiiv:  the  sliding  type  expansion  joints  between  the  porhneter  columns  and  . 

.the  roof  slab  beams  ai-e  no  longer  v/orking  effectively  in  jnruiy  locations 
'ji<‘  The  expansion  plates  are  apparently  binding  and  tiie  colu;nns  In  many 
■  ^  ‘  locations  have  boon  pusliod  to  the  side  until  the  hcarin^j  area  is  re¬ 
duced  to  as  little  as  one  inch,  where  originally  seven  inches  had  been 
intended.  Further  movements  of  the  slab  could  result  in  beams  being 
' '  pxjshed  '.off  the  columns,  which  may  cause  a  local  collapse  of  a  small 
''  portion  of  the  roof  cover.  In  addition  to  this,  there  are  many  beams 
with  hair  line  cracks  as  well  as  many  places  in  wivich  some  of  the  roof 
slab  concrete  has  spalled  away,  which  in  turn  oxpoacs  tlio  reinforcing 
'  to  corrosion.  Tlie  area  of  concrete  within  the  nox'mal  operating  levels 


t 
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‘of  the  reservoir  displays  many  exiunples  of  corrosive  attack,  due  to  . 
the  immersion  and  drying  cycles.  The  walls  of  the  basin  appeai’ed  to 
'.  ‘.'r  be  in  good  condition  for  a  structure  almost  sixty  years  old,  although 
'V/'-'i  r  considerable  spalling  lias  occurz’od  on  the  exterior  of  the  reservoir. 
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■  Tlie  open  cut  for  the  higliway  vxork  may  possibly  have  caused 

pome  settlement  along  and  under  the  north  v/all  and  slope,  but  this 
has  not  yet  been  detemiined.  There  ma^  have  been  some  rotation  of 


;  '-.'j/''  the  exterior  v/all  alonfj  the  north  side,  or  oven  along  the  east  tmd 
?-h’, ’west  sides,  but  it  v/ould  bo  extremely  difficult 'to  establish  when 
.  ■■  this  occurred.  With  the  subsequent  Installation  of  the  higliway  re- 

’V  taining  wall  and  the  backfilling  thereof,  the  lack  of  any  fur-thor 

future  settlement  cannot  be  guaranteed,  but  it  should  be  minimal.  A 
1’, '  .’detailed  study  would  be  required  to  analyze  what  possible  effect  the 
.  4^.^  open  cut  had  on  the  rcseinroir. 

■  .  I,'  In  order  to  use  the  north  basin  of  the  reservoir  for  this 

^  ^summer's  peak  demand,  oui’  recommendation  is  for  the  immediate  repair 
work  to  be  concentrated  on  repairing  the  expansion  joints  in  the  floor 
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slab.  This  should  be  done  principally  in  the  areas  of  tlio  sloiiing 
slabg,_  on.,  the  north  pide  of  tlie  ba,sJn  and  aioinj,  tlie  north  oirJs  of.  the 
oajt..and jvest  sides  for  a  ininijnujn  of  ei/;hLy  feet^  and  for,..t].o  fii’st. 
bay  o^r.ths  flpi  port‘ion...6f  the..'f.lopr  hiiinodiately  adjsjonu  to  the 
sipjiruT.  slabs .  The  existing  joints  should  be  raked  clean  to  a  deijth 
of  three  inches  and  n  suitable  sealant  must  bo  installed.  The  Joints 
over  three-quai'ters  of  an  inch  v/ide  should  be  grovited,  as  s.liould  any 
cracks  in  the  floor  slab.  The  joint  beUveon  the  vertical  v/ull  and 
the  sloping  floor  slab  should  be  cleaned,  includin/j  removal  of  the 
thin  facing  on  the  v/all  at  tliat  point,  and  tlion  fillel  with  grout. 
Repair  work  on  tiie  sloping'  slabs  on  the  e;ist  and  west  sides  siiould  bo 
stai'ted  at  the  i;orth  end  and  continued  as  far  to  iiio  soutii  as  time 
permits.  Any  repair  work  to  the  roof  slab  or  to  the  columns  can  be 
postponed  until  after  tiie  summer  season. 

•'  While  the  slab  expan-sion  joints  are  being  repaired,  the  out¬ 
side  of  the  wall  footing  in  t)ie  area  of  the  greatest  leakage  along 
the  north  wall  of  the  reservoir  should  be  excavated  and  exposed  enough 
to  allow  visual  inspection  to  see  if  the  eai’th  has  fallen  av/ay  from 
the  bottom  of  the  footing.  If  it  has,  then  chemical  grout  should  be 
pumped  under  the  footing  to  fill  tlie  voids .  Otb.cr  areas  along  the 
north,  as  well  as  along  the  east  and  west  sides  should  also  be  checked 
and  grouted  as  necessary.  Those  repairs  sliould  appreciably  reduce,  if 
not  eliminate,  the  excessive  leakage  from  the  basin.  After  refilling 
the  basin,  if  leakage  is  still  a  ijroblcm,  possibly  a  diver  could  be 
used  to  locate  the  problem  area  v/ith  the  use  of  dyes  o^r  other  means . 
The^ultjmq-tq  s olutipp., to  the., leakage .pi'oblem  would  be  the  installation 
of  .a‘.,llnq.r. or  s ini ilai’ ^membrane,  but  tliis  would  be  very  expensive  fuid 
1^11  prpbab^  not  bG  required. 

The  postponement  of  any  structural  repairs  until  after  the 
summer  Involves  the  risk  tliat  tliore  may  be  some  partial  failui’es  of 
the  roof  slab  along  the  perimotor  of  - the  basin.  Tliese  v/ould  not 
cause  the  failure  of  the  whole  roof  .system  or  •of  the  walls  of  the 
basin,  and  the  area  could  quickly  be  covered  by  a  temporaiy  closure. 
The  recommendation  to'  take  this  acceptable  risk  is  liascd  on  a  con¬ 
sideration  of  the  time  allotcd  for  repaiz’s  at  tin's  time,  as  well  as 
the  possibility  that  the  load  may  I’edis tr ibute  and  not  cause  an 
iznmediate  failure  even  if  the  beam  does  slide  beyond  the  column. 

There  should  be  sufficient  time  available  now  to  make  the. 
outlined  repairs  to  the  basin  to  allow' its  use  for  this  sunmer.  Fol- 
lowirvi  the  summer  demand,  when  the  basin  is  drained  to  allow  further 
repair  work,  it  is  recommended  that  the ^wqter  level  be.^i’educed  slowly, 
at  .thq,.rate,  of..onQ- to  two  feet. per  day,,  This  should  allow  for  the 
exterior  hydrostatic  press\rre  to  be  dissipated  to  prevent  the  joint 
material  from  being  forced  out  and  the  possible  uplifting  of  floor 
slabs.  Those  joints  v/hich  wei'cv.jiot  raked  and  filled  before  should 
then  be  repaired,  concurrently  with  the  repairs  which  must  be  made 
for  the  structural  work. 


t,  1.*  ' «v  \  ■  n*', 
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A  cmprehcralve  englneorliig  invec titration  of  tlie  north 
_  basin  Is  required  to  determine  what  stiaiotviral  repairs  are  required 
as  well  as  the  most  feasible  and  economical  moai\s  of  accomplishing 
the  repairs.  The  south  basin  of  the  resei'voir  should  also  be  In- • 

’  spected,  utilizing  a  rubber  raft  v/hile  the  basin  is  reasonably  full. 
Altho\igh  no  leakage  problems  have  been  noted,  tliere  is  definite 
probability  of  detecting  structural  problems  and  potential  failures 
similar  to  those  found  in  the  North  Basin.  Any  structural  problems 
foiind  should  bo  repaired  in  a  manner  similar  to  that  used  in  the 
North  Basin.  These  inspections  can  proceed  dm’ing  the  period  v;hile 
the  immediate  repairs  are  boin^;  made  to  tlie  norUi  basin,  and  they 
•should  be  completed  as  soon  as  possible. 


.  Following  tlie  inspection  of  the  basins,  the  prepai’ation  of 

■  specifications  and  details  for  the  struct'oral  rehabilitation  of .the 

-  roof  and  its  supports  should  be  undertaken.  The  major  problem  of  ex- 

■  pansidn  aiid  contraction  cannot  be  eliminated,  but  use  of  recently  . 
developed  materials  will  help  insure  a  system  wliich  can  cope  with  the 

'  situation.  It  is  apparent  that  the  structure  has  functioned  satis¬ 
factorily  for  the  past  forty  years,  and  that  with  a  few  major  impi’ove- 
ments  and  repairs,  it  v/ill  continue  to  do  so.  A  priority  for  the 
repairs  can  be  established  to  allow  the  work  to  bo  accomplished  as 
time  and  available  funds  permit,  'fho  higliest  priority  must  be  allo¬ 
cated  to  the  replacement  of  expansion  bearing  plates  and  the  rehabil¬ 
itation  and  stabilizing  of  the  columns  supporting  the  perimeter  beams. 
This  work  must  be  accomplished  at  the  earliest  opportunity.  Tjower 
■priorities  would  bo  set  for  patching  and  repairi:g  deteriorated  beams, 
■slabs,  and  colunns,  based  on  the  individual  severity  of  Lhe  problem 
and  on  its  effect  to  the  integrity  of  the  stimcture. 


j  The  Compton  Hills  Resei'voir  is  one  of  the  major  components 

of  the  City  Water  Department.  The  utiliisation  of  botli  basins  is 
essential  during  the  summer  time  to  meet  the  dcmar.ds  of  the  City  of 
St.  Louis,  The  repairs  • 'd  recommended  work  outlined  in  this  report 
should  assure  that  this  structure  will  continue  to  sei've  the  community 
as  it  has  for  the  past  century. 
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Mr,  S,  T.  Fletcher 

Division  Engineer 

Design  &  Construction 

City  of  St,  Louis  V/ater  Division 

Dear  Mr.  Fletcher: 

The  accompanying  report,  entitled  "Findings  at  Compton  Kill  Reservoir  - 
Spring  1973",  is  submitted  to  you  as  a  status  report  on  the  project  you 
assigned  to  me  as  Work  Order  ^Pl815B,  "Line  North  Half  of  Comipton  Hill 
Reservoir" « 

This  project  began  as  a  search  to  find  a  suitable  liner  for  the  North 
Basin  of  Compton  Hill  Reservoir,  An  attempt  was  Tiade  to  determine  the  amount 
of  leakage  from  the  reservoir  so  as  to  provide  a  basis  to  judge  the  effect¬ 
iveness  of  a  new  liner.  The  results  of  those  tests  arc  included  in  this 
report, 

V,fhile  investigating  the  conditions  in  the  North  Basin  for  lining  purposes, 
some  areas  \iere  found  that  we  felt  needed  repair.  This  report  contains  the 
method  of  repairs  made  in  those  places.  An  effort  was  made  to  describe  other 
conditions  found  that  need  repairs  badly,  the  probable  causes  of  such  conditions, 
comments  about  them,  and  the  general  condition  of  the  reservoir. 

Respectfully  yours, 


Joseph  J,  Kamimerer,  Jr. 
Civil  Engineer  II 
Design  &  Construction 
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SECTICM  I 
LF.AI'.AGE  TESTS 

An  attempt  vjas  made  to  try  to  determine  the  amount  of  water  that  is 
leaking  from  Compton  Hill  Reservoir.  Since  the  whole  reservoir  could  not 
be  taken  out  of  service  at  one  time,  each  basin  was  isolated  at  different 
times,  in  order  to  leave  the  opposite  basin  in  service.  The  south  basin 
was  isolated  first.  This  was  accomplished  by  •'losing  both  sluice  gates 
leading  to  each  of  the  two  gate  chambers,  (four  sluice  gates  in  all).  The 
south  basin  was  allowed  to  sit  idle  while  the  north  basin  continued  to 
function  as  normal,  which  in  effect  cut  the  reserve  supply  of  vjater  in  half. 

The  elevation  of  the  tvest  hatch  frame  'was  determined  by  survey,  to  set 
a  reference  point.  Readings  were  taken  to  the  hundredth  of  a  foot  with  a 
level  rod  by  lowering  the  rod  until  the  surface  of  the  water  was  touched  and 
reading  the  rod  at  the  hatch  frame  level.  Readings  were  recorded  trace 
daily,  usually  at  9:30  A.M.  and  3:30  P.H. 

The  south  basin  was  checked  by  this  procedure  from  February  5,  1973  to 
February  13,  1973;  a  total  of  6  days.  During  that  tim.e,  the  level  in  tne 
south  basin  dropped  from  185.33  to  l82,5U,  a  total  of  2.79  feet.  This 
calculates  out  to  a  total  of  approximately  U.31:  million  gallons.  That 
averages  out  to  about  526,000  gallons  per  day. 

However,  this  figure  may  be  slightly  misleading.  Looking  at  the 
accompanying  charts  that  graph  the  leakage  results  and  comparing  the  plot 
of  the  elevation  of  the  south  basin  (isolated)  to  the  plot  of  the  elevation 
of  the  north  basin  (in  service)  one  can  see  visually  that,  on  the  average, 
the  ”in  service"  basin  elevation  is  lower  than  the  "isolated"  basin  elevation 
for  a  greater  length  of  time.  This  would  make  no  difference  if  we  had  a 
perfect  water  tight  seal  between  the  basins,  but  we  don't. 
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There  was  leakage  around  the  sewer  gates  that  was  measured  in  the  field 
to  be  about  5i000  gallons  per  day.  There  are  also  cracks  in  the  division 
wall  and  spaces  around  the  sluice  gates  that  allow  water  to  get  from  one 
basin  to  the  other.  This  happens  only  when  there  is  a  difference  in  elevation 
between  the  two.  The  head  differential  will  force  water  through  any  openings 
from  the  high  water  level  to  the  lower  level.  This  amount  vrill  vary  with 
different  head  differentials  and  the  length  of  time. 

An  attempt  was  made  to  try  to  determine  what  effect  these  head  differ¬ 
ences  had.  The  amount  of  water  leaking  through  is  directly  prooortional  to 
the  velocity  of  the  water  going  through  any  openings.  The  velocity  is 
directly  proportional  to  the  square  root  of  the  head  difference,  e.g.,  if 
the  head  is  doubled,  the  flow  vTill  increase  by  a  factor  of 

Two  18  hour  periods  were  chosen  for  calculation  purposes.  These  v.'ere 
3:30  P.M.  of  February  lOj  through  9:30  A.M.  of  February  11,  during  which 
period  the  "in  service"  basin  was  at  all  tines  below  the  "isolated"  basin, 
and  3:30  P.Il.  of  February  11,  through  9:30  A.K.  of  February  1?,  during 
which  period  the  "in  service"  basin  was  at  all  times  above  the  "isolated" 
basin.  For  the  first  period  the  basin  lost  ii69,000  gallons  in  18  hours  or 
0.625  MOD.  During  the  second  period,  the  basin  lost  202,000  gallons  in  16 
hours  or  0.269  MOD. 

Let:  A  “  Actual  leak  from  basin 

L.  leakage  between  basins  when  "in  service"  basin  is  above 
"isolated"  basin. 

Lg  “  leakage  between  basins  when  "in  service"  basin  is  below 
"isolated"  basin. 

Since  the  time  periods  are  equal,  there  is  no  need  to  adjust  any 
figures  for  time.  The  leakage  at  the  sewer  gates  will  be  x  5,000  gallons 
or  3750,  This  can  be  assumed  to  be  li,000  gallons  for  convenience. 
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Duritig  tlie  first,  perio'i  ichcn  the  "in  service"  ’fnsin  is  than  the 

isolated"  basin,  the  leakage  betv;een  basins  will  flov  to  the  "in  service" 


basin,  thus  increasing  the  Teasnred  nmonrit  of  lea!:.  An  equation  can  be 
written  to  represent  this  condition  as; 

(1)  A  +  Lg  •=  (h69,0®-  IjjOOO)  •=  1465,000  gallons 

During  the  second  period,  the  leakage  betvreen  basins  will  flov;  to  the 
"isolated"  basin,  thus  decreasing  tl;o  measured  leak.  An  equation  to  represent 
this  condition  can  be  viritten  as: 


(2)  A  -  L  =  (202,000  -  hjCCO)  =  19-8,000  gallons 
A 

This  leaves  us  two  equations  in  three  unknowns.  However,  and  Ij,  can 
be  related  to  each  other  by  using  the  fact  that  the  anount  of  leakage  is 
directly  proportional  to  the  square  root  of  the  difference  in  head.  The 
average  head  durin^,;  the  first  reriod  was  found  to  be  I.l5  feet,  while 
during  the  second  period  it  was  found  to  be  2.[i0  feet.  This  means  that: 


L,  /{h.  ^2.140 

~  -  —  =  -  „  1.5h92 

>Jh^  <^TT5  1.07214 
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1, 1414146 


therefore:  L  =  I.I4I4I16  L 
A  B 


By  substituting  this  into  our  original  equations  -’e  get: 

(1)  A  +  Lg  =  1:65,000 

(2)  A  -  1.1:14146  L  =  198,000 

B 

Subtracting  (2)  from  (l)  yields: 

2.[ilili6  L_  ■=■  267,000 
B 

and  L_  =•  109,200  gallons 
B 

therefore;  A  •=  1465,000  -  L  “  1465,000  -  109,200  gallons  ■=  355,800  gallons 

B 

This  shows  that  our  actual  leakage  from  the  basin  during  the  I8  hours  is 
probably  closer  to  356,000  gallons  than  to  either  of  thr  other  fi.'.urcs.  This 
figures  out  to  be  a! out  0.175  KGD. 
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The  same  situation  holds  true  for  the  north  basin  results.  Cur  drop 

over  16  days  was  I.l8  feet,  which  calculates  -lut  to  a  total  loss  of  1.83h 

million  gallons  or  0.115  HOD^  From  this  we  can  draw  the  conclusion  that 

our  leakage  from  the  north  basin  is  somewhat  less  than  from  the  south  basin. 

This  can  be  seen  also  by  noting  the  plot  of  the  two  basins  for  the  tvJO  periods, 

V 

3t30  P.M.  February  2h  to  9:30  A.M.  February  26,  and  3:30  P.M.  March  3  to 
9:30  A.M.  March  5.  These  two  periods  are  on  weekends  from  Satu’-day  after¬ 
noon  to  Monday  morning.  During  both  periods  the  "in  service"  basin  on  the 
south  was  at  all  tim.es  higher  than  the  "isolated"  basin  on  the  north.  This 
was  due  to  a  combination  of  factors  including  the  cheaper  weekend  rumoing 
rates  which  allovrs  us  to  pump  Compton  Hill  full  on  weekends,  and  the  very 
low  demand  during  those  t:-ro  particularly  cold  weekends.  As  erplained  previ¬ 
ously,  when  the  "in  service"  basin  is  higher  than  ihe  "isol.-ted"  basin,  it 
tends  to  feed  the  "isolated"  basin,  thus  decreasing  the  measured  loss  of 
water.  In  these  two  instances , the  level  of  the  "isolated"  basin  actually 
showed  a  rise.  This  can  only  be  e>rplained  by  resizing  that  in  this  case, 
the  leakage  from  the  south  basin  into  the  north  basin  must  have  been  greater 
than  the  leakage  from  the  north  basin  into  the  surrounding  soil. 

Two  time  periods  :v’ere  picked  for  calculation  purposes.  From  3:30  P.M. 
of  March  3  to  9:30  A.K.  of  March  5,  the  "in  service"  basin  was  at  all  times 
above  the  "isolated"  basin  and  was  therefore  feeding  it.  The  level  in  the 
Isolated  basin  rose  0,l8  feet  in  >42  hours  for  a  gain  of  280,000  gallons. 

From  10:l5  A.M.  to  3:30  P.M,  of  February  21,  the  "in  service"  basin  was  at 
all  times  below  the  "isolated"  basin  and  was  therefore  taking  water  from.  it. 

In  5.25  hours,  the  "isolated"  basin  dropped  0.06  feet,  a  loss  of  93,000 
gallons. 
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The  two  time  periods  are  not  equal  so  figures  had  to  be  adjusted  to  take 
that  into  account.  If  the  basin  lost  93,000  gallons  in  5-1 A  hours,  it  would 
lose  7liU,000  gallons  in  li2  hours.  During  the  period  of  loss,  the  average 
head  was  found  to  be  3.1i6  feet.  Tb.i  average  head  for  the  period  of  gain  vas 
2.16  feet. 

Let; 

A  «■  Actual  leakage  from  basin 

L  “  Leakage  between  basins  when  "in  service"  basin  is  abo^^ 

^  "isolated"  basin. 

L  “  Leakage  between  basins  when  "in  service"  basin  is  below 
®  "isolated"  basin. 

Allowing  9,000  gallons  leakage  from  the  sewer  gate  for  a  li2  hour  period, 
the  two  eqxiations  can  be  written  as; 

(1)  A  +  Lg  »  (7UU,GOO  -  9,000)  -  735,000  gallons 

(2)  A  -  L^  =  (-280,000  -  9,000)  -  -289,000  gallons 
Lg  can  be  related  to  L^  by  the  equation; 

L-  Al37h6  1.86011 

—  “  — r:  ®  1,146969  “  1.2656 

L.  -^2.16 
A 

therefore:  L„  =  1,2656  L. 

B  A 

Substituting  into  the  original  equations  give : 

(1)  A  ♦  1.2656  L^  =  735,000  gallons 

(2)  A  -  L^  =  -289,000  gallons 

By  subtracting  (2)  from  (1),  the  equations  yields: 

2.2656  -■  1,02U,000 

L^  “  1452,000 

therefore;  A  “  1452,000  -  289,000  ••  163,000  gallons 

The  163,000  gallons  loss  is  spread  over  h2  hours  so  it  averages  cut  to 
0,093  KGD,  Just  as  the  calculations  for  the  south  basin  showed,  the  calcu¬ 
lated  actual  leak  of  the  north  basin,  0,093  MOD,  is  slightly  less  than  the 
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average  measured  leak,  0.115  MOD,  This  is  because  the  "in  service"  Kisiri 
is  below  the  "isolated"  basin  for  slightly  louger  periods  of  time,  during 
which  periods  the  magnitude  of  the  average  head  differential  is  greater  also. 

In  summary,  it  is  concluded  that  the  south  basin  is  leaking  about  O.Li?^ 

MOD  and  the  north  basin  is  leaking  about  0,093  MOD,  The  total  leakage  into 
the  surrounding  soil  is  0.568  MOD.  If  leakage  from  the  sewer  gates  is  included, 
this  becomes  0.578  MOD. 

The  condition  found  in  the  field  is  quite  different  than  anyone  imagined. 

It  was  expected  that  the  north  basin  would  leak  much  worse  than  the  south 
basin,  but  quite  the  opposite  is  true.  The  south  appears  to  leak  about  h  tc 
5  tim.es  as  much  as  the  north. 

Apparently,  the  water  leaking  out  of  the  south  basin  has  a  natural 
underground  drainage  33'-stem  that  allows  the  water  to  dissipate  in  the  sur¬ 
rounding  park  soil  without  causing  Any  damage.  The  water  leaking  out  of 
the  north  baSin  seetninglj'  has  no  such  shyster.,  because  it  is  surfacing  on  the 
the  north  slope  and  causing  some  erosion  nroblem.s. 

Both  basins  have  been  suspected  of  leaking  for  quite  some  tine.  The 
amount  of  leakage  out  of  the  north  basin  is  qidte  a  bit  less  than  anticipated 
though.  I  would  conclude  therefore  that  it  cannot  be  any  v.'orse  than  it  had 
ever  been  for  the  last  ten  to  twenty  years  because  it  is  a  suprisingly  min¬ 
imal  amiount  now.  In  view  of  the  fact  that  the  south  basin  is  leaking  5  tim.es 
as  much  as  the  north  basin  and  is  causing  no  damage  to  any  surrounding  slopes, 
and  since  there  is  no  apparent  recent  increase  in  the  magnitude  of  the  leak 
from  the  north  basin,  it  seems  obvious  to  m.e  that  the  new  highi^ay,  I-hL,  has 
caused  out  erosion  problem  by  disturbing  the  natural  underground  drainage 
system  that  we  must  have  always  had,  and  reducing  greatly  the  drainage  area 
near  the  north  slope. 
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SECTION  II 

STRUCTUR^L  CONDITIONS  FOUND  MID  REPAIRS  FADE 

Nothing  much  can  be  reported  about  the  south  basin.  It  was  drained 
for  only  a  few  hours,  which  gave  time  for  only  a  very  cursory  inspection  at 
best.  The  flashlights  used  were  standard  VJater  Division  issue,  which  were 
not  strong  enough  or  bright  enough  to  see  to  the  top  of  the  slope  at  the 
walls. 

There  was  not  time  enough  to  climb  any  slopes,  just  time  enough  for  a 
quick  walk  through  the  basin.  It  was  made  clear  before  the  draining  that 
no  repairs  of  any  kind  would  be  miade  to  the  south  basin  unless  some  severe¬ 
ly  drastic  situation  was  found  that  needed  emergency  attention.  Therefore, 
the  south  basin  was  inspected  with  the  purpose  of  looking  only  for  some 
kind  of  major  disaster.  None  was  found. 

The  north  basin,  on  the  other  hand,  was  inspected  quite  extensively. 
Quite  a  few  measurements  were  taken  so  as  to  pro\’ide  a  comparison  for 
future  measurements. 

The  floor  and  slopes  of  the  reservoir  and  the  roof  were  cross-sectioned 
by  survey.  In  this  way,  we  can  check  if  any  settling  is  going  on.  The 
floor  of  the  reservoir  can  be  checked  only  v:hen  the  reservoir  is  drained. 
However,  if  the  area  of  any  possible  settlement  includes  a  column,  the 
column  must  sink  along  vath  the  floor.  The  roof  will  then  sink  with  the 
column  and  this  settlement  can  be  located  and  determined  by  survey  of  the 
roof.  The  advantage  of  the  roof  survey  is  that  it  can  be  done  an’/time, 
idthout  the  need  to  drain  the  reservoir. 

In  two  places  along  the  west  side  of  the  reservoir  at  the  foot  of  the 
side  slope,  we  found  uplift  failure  of  the  floor  slabs.  Slabs  were  pushed 
up  along  joints  to  a  maximum  difference  of  ii  inches  between  adjacent  slabs. 
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Most  of  these  slabs  were  also  cracked.  They  appeared  to  be  quite  fresh  when 
first  seen  because  the  sides  of  the  iipliftcd  slabs  and  the  cracks  were  clean. 
Over  the  rest  of  the  reservoir's  interior  surface  was  a  thin  layer  of  calcium 
carbonate  precipitate  which  covered  absolutely  everything.  The  absolute 
cloaness  of  the  slab  sides  and  cracks  showed  they  were  very  fresh. 

The  uplift  had  to  be  caused  by  external  hydrostatic  pressure.  The 
reservoir  floor  is  normally  under  20-3?  feet  of  water.  Leakage  from  the 
reservoir  apparently  builds  up  to  equalize  the  pressure  of  the  head  of 
water.  When  the  reservoir  was  drained  quickly,  the  ground  water  could  not 
dissipate  quickly  enough  outside,  or  back  into  the  reservoir.  With  no 
water  inside  the  reservoir  to  neutralize  the  external  hydrostatic  pressure, 
some  floor  slabs  were  pushed  up  and  cracked  in  the  process.  Apparently  this 
was^  enough  to  act  as  a  pressure  release  mechanism  because  only  tvro  such 
places  xv'ere  found. 

The  same  draining  procedure  was  used  this  tire  as  was  used  in  the  fall 
of  1970,  The  sower  gate  xv'as  opened  all  the  way  and  the  water  was  allowed  to 
drain  out  as  fast  as  the  20  inch  sexv-er  could  carry  it  away.  This  takes  36-li8 
hours. 

An  interesting  question  can  be  asked  at  this  point.  If  the  reservoir 
is  not  leaking  any  more  new  than  in  1970,  (which  is  a  conclusion  drawn  pre- 
xriously  in  the  leakage  discussion),  and  if  it  was  drained  in  the  same  manner, 
very  quickly,  then  why  did  xre  not  encounter  uplift  problems  three  years  ago? 

I  believe  the  answer  to  be  that  the  new  highway,  I-LiU,  has  disturbed 
the  underground  drainage  and  does  not  allow  the  leakage  water  to  drain  away 
as  it  once  did.  This  in  effect,  dams  up  the  x-iater  X'rhich  collects  in  the 
soil  surrounding  the  reservoir  and  builds  up  hydrostatic  pressure  equal  to 
the  head  of  water  in  the  reservoir,  V/hen  the  reservoir  is  drained  quickly, 
the  hydrostatic  pressure  cannot  dissipate  quick  enough  and  the  resulting 
difference  in  pressxire  causes  uplift. 
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It  was  recoititnended  by  Sverdrup  and  Parcel  in  their  rcjoi  t  CoTupton 
Hill  that  the  reservoir  should  be  drained  at  the  rate  of  1  to  2  feet  per  day. 
After  filling  the  north  basin  for  the  purpose  of  chlorination,  vc  drained 
the  basin  at  a  slower  rate.  Since  the  basin  level  fluctuates  conirionly 
between  elevations  175  and  166  daily,  it  was  felt  that  vre  needed  to  drain 
slowly  only  below  that  level.  It  was  drained  quickly  dow’ti  to  about  175  and 
then  slowed,  VJe  felt  we  could  do  the  remaining  21  feet  at  a  rate  of  h  feet 
per  day.  This  was  done. 

V/e  were  allowed  a  few  hours  to  inspect  it  betv.'eon  that  draining  and  the 
filling  of  it  to  put  it  back  in  service.  We  found  one  place  near  the  center 
of  the  north  wall  at  the  foot  of  the  slope  where  uplift  occurred  again.  Ap¬ 
parently  U  feet  per  day  is  also  too  fast  and  next  time,  it  should  be  drained 
at  the  recommended  1  to  2  feet  per  day. 

The  uplift  found  after  chlorination  was  not  repaired  in  any  way  because 
the  basin  was  urgently  needed  to  be  put  back  into  service  for  the  summer. 

The  other  two  places  found  after  the  first  draining  were  repaired. 

At  both  locations,  shown  on  Drawd-ng  vh532,  the  3  inch  upper  slab  was 
broken  out  and  hauled  away.  The  w'ater  proofing  T/»mbrane  was  scraped  off 
the  lower  slab  and  throx^n  away  also.  In  one  spot  the  loiter  slab  was  also 
cracked  and  a  3  foot  by  1  foot  section  was  removed. 

The  base  beneath  the  lower  slab  of  concrete  is  macadam.  It  was  found 
to  be  moist  but  seemed  very  solid  and  stable  still.  The  smoll  hole  in  the 
lower  slab  was  then  filled  with  concrete, 

V/e  put  down  a  new  waterproofing  membrane  to  replace  the  other  that  was 
removed.  Materials  used  were  polyethalene  sheeting,  asphalt  impregnated 
cotton  fabric,  and  a  tar  based  sealant.  The  sealant  was  spread  over  the 
cotton  fabric  with  trovjels.  Four  layers  each  of  the  cotton  fabric  and  seal¬ 
ant  were  put  down  to  form  the  membrane.  A  single  sheet  of  polyethalene 
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sheeting  was  out  down  on  top  of  that  to  innure  that  t(io  tVorh  rnnoir+c  pnnrpd 
above  would  not  mix  ivlth  the  sealant  in  any  wr./. 

New  concrete  slabs  were  poured  over  this  membrane  and  new  expansion 
joints  formed.  This  was  done  by  using  boards  of  the  desired  id.dth  as  forms 
for  the  slab.  Before  the  concrete  was  cc:r.pletely  set,  the  boards  were  pulled 
out  leaving  openings  between  slabs.  After  the  concrete  was  set,  ethafoam 
rods  were  forced  into  these  joints  as  a  filler  material,  A  w'aterproof  expan¬ 
sion  joint  material  that  bonds  to  concrete  v:as  applied  iidth  a  caulking  gun 
to  complete  the  slab  repair. 

The  division  wall  apoears  to  be  in  sound  structural  condition.  There 
was  water  leaking  through  several  expansion  joints  and  cracks  in  the  wall, 
V/hile  they  did  allow  water  to  pass  through,  the  cracks  do  not  appear  to 
effect  its  structural  capabilities.  Vhen  the  weather  got  warmer  and  the 
water  in  the  other  basin  got  warmer,  the  wall,  through  thermal  expansion, 
began  to  squeeze  the  cracks  and  expansion  joints  tighter  and  the  flovr  of 
water  leaking  through  slowed  noticeably. 

The  sluice  gates  in  the  Wo  gate  chambers  leak  a  little  bit,  also,  but 
they  do  as  good  a  job  as  can  be  expected,  considering  their  age  and  infre¬ 
quency  of  use.  The  sewer  gate  leaks  pretty  badly  when  the  basin  is  filled 
and  has  to  be  caulked  before  the  filling  to  hold  this  leakage  to  a  minimum. 
The  stem  is  slightly  bent  from  the  effort  of  trying  to  get  it  to  close 
tightly. 

All  together,  between  the  cracks  in  the  wall,  the  expansion  joints,  and 
the  sluice  gates;  there  is  quite  a  bit  of  water  constantly  flowing  into  the 
basin.  The  only  openings,  when  drained,  are  two  manholes;  the  sewer  gate; 
and  an  overflow  drain.  As  a  consequence  there  is  very  little  air  circulation 
in  the  basin  and  it  is  always  100^  humidity  in  there.  Moisture  is  constant¬ 
ly  collecting  on  the  ceiling  and  then  falling  down  in  droplet  form.  The 
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basin  would  be  very  difficult  to  dry  out  unless  additional  holes  were  cut  , 
into  the  roof  to  allow  forced  air  circulation  with  large  fans. 

The  slopes  were  all  in  good  shape.  In  some  places,  though,  the  joint 
material  did  not  appear  to  be  in  good  shape.  In  others,  it  looked  like  the 
pitch  material  forming  the  waterproofing  membrane  had  been  squeezed  out 
through  the  joints.  It  gave  an  appearance  of  having  flov’ed  out  of  the  joints. 

The  first  expansion  joint  south  of  the  northeast  corner  running  up  and 
down  the  east  slope  had  shown  separation.  The  asphalt  expansion  joint 
material  was  still  in  the  joint  but  the  slabs  had  pulled  apart  about  3/h 
inch.  This  was  the  only  joint  found  that  showed  separation.  The  old  joint 
material  was  cleaned  out  and  the  gap  was  stuffed  with  ethafoam  rods.  The 
same  sealant  was  used  here  as  v;as  used  in  the  floor  slab  replacement. 

The  north  slope  v:as  gone  over  very  carefully,  along  vrith  the  first  120 
feet  of  the  east  slope  south  of  the  northeast  corner.  All  joints  that  did 
not  look  good  were  marked.  These  joints  were  chipped  out  \dth  chipping 
hammers  to  make  a  clean  surface  for  nev'  joints.  Asphalt  expansion  joints 
were  placed  between  slabs  and  the  rest  of  the  chipped  out  spaces  were 
filled  in  with  Embeco  grout. 

In  some  places,  there  were  openings  between  the  slopes  and  the  vertical 
wall  at  the  point  where  the  two  meet.  As  a  general  rule,  these  gaps  were 
bigger  near  the  northeast  corner  and  only  hairline  everyiv-here  else.  These 
gaps  usually  occurred  only  on  slope  slabs  that  had  columns  sitting  on  them. 
Adjacent  slope  slabs  that  did  not  have  columns  sitting  on  them  exhibited 
only  a  hairline  crack  at  worst  and  usually  nothing  at  all.  It  appeared  that 
the  slope  slabs  were  moving  away  from  the  vertical  wall  and  not  vice-versa. 

The  entire  north  wall  and  north  120  feet  of  the  east  wall  were  checked. 
Where  the  gap  appeared  worse  than  just  hairline  it  was  chipped  out  and 
filled  with  ethafoam  rods.  The  same  sealant  used  around  the  floor  slab 


repairs  was  used  in  this  gap  as  well. 

The  vertical  \/all  is  still  in  good  shape  structurally.  It  needs  no  work 
done  on  it  on  the  inside. 

It  is  spalling  badly  on  the  outside  though.  The  spalling  occurs  because 
the  concrete  wall  absorbs  moisture  from  the  basin.  The  walls  are  constant¬ 
ly  saturated,  and  the  freezing-thawing  cycle  causes  the  spalling.  The  walls 
were  trorked  on  by  applying  a  coating  of  gunnite  in  I960,  Hovrever,  it  is  not 
the  gunnite  that  is  spalling  off  now.  Thin  layers  of  the  original  concrete 
beneath  the  gunnite  are  spalling  off  and  the  gunnite,  still  holding  tight, 
falls  with  it. 

The  roof  appears  to  be  sound  and  should  be  alright  as  long  as  its  not 
overloaded.  It  should  not  be  loaded  more  than  30  PSF. 

The  outside  surface  of  the  north  basin  roof  had  been  tonned  with  about 
1-1/2  inches  of  mortar  in  the  late  19U0's.  It  is  in  very  good  condition 
id.th  very  little  spalling  in  evidence. 

The  inside  surface  shows  some  scattered  spalling.  In  these  places 
there  are  reinforcing  bars  exposed.  The  roof  beams  in  general  looked  good 
but  they  could  not  be  inspected  too  closely.  We  did  not  have  the  opportunity 
or  time  to  get  a  ladder  in  for  such  close  inspection.  As  a  result,  we 
looked  at  most  of  them  using  a  flashlight  from  the  floor  35  feet  below.  The 
•ones  near  the  top  of  the  slope  at  the  edges  of  the  roof  allowed  us  a  closer 
look.  There  viere  a  few  of  these  that  shoired  cracks  but  that  could  be  attrib¬ 
uted  directly  to  other  causes.  The  others  that  we  could  see  v;ere  in  good 
shape. 

The  most  ob'vious  thing  wrong  in  the  basin  were  the  columns  around  the 
edge  of  the  roof.  Since  these  columns  are  built  at  the  top  of  the  slone, 
they  are  much  shorter  than  any  other  columns.  They  are  7-1/2  feet  high  at 
the  wall  and  either  9-l/h  feet  high  or  12  feet  high  at  the  end  furthest 
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down  the  slope,  feet  on  the  east  and  west  sides  and  12  feet  on  the 

north  side).  Because  the  columns  v;ere  poured  abutting  to  tht:  vtrv.Sf'nT  ^ 
allowances  had  to  be  made  for  expansion  and  contraction  of  the  roof.  Other 
columns  are  tied  in  structurally  X’lith  the  roof  and  these  columns  are  fi’er 
to  move  iidth  the  roof  at  the  top.  However,  the  columns  at  tiie  edge  are  re¬ 
stricted  by  the  vertical  wall,  thuc  expansion  and  eonti-or  hi  on  had  to  be 
taken  into  account. 

A  12  inch  wide  brass  plate  was  cast  into  the  top  of  each  column,  A  9 
inch  vjide  brass  plate  was  cast  into  the  bottom  of  the  roof  beams  where  they 
rested  on  the  columns .  The  two  brass  plates  in  cont<act  are  supposed  to 
slide  upon  one  another  and  allow  enough  small  movement  to  take  care  of  the 
thermal  expansion  of  the  roof. 

As  seen  in  Figure  1,  the  roof  expands  and  contracts  in  all  directions 
from  the  center,  (although  it  is  not  shown,  it  expands  and  contracts  in 
thickness,  also).  The  coefficient  of  thermal  expansion  of  concrete  is 
6  X  10”^  per  degree  F,  Therefore,  at  95°  F  in  the  summer,  our  500  foot  long 
roof  is  3.6  inches  longer  than  it  is  at  -5°  F  in  the  winter.  At  a  column 
near  the  extreme  edge  of  the  roof,  such  as  Column  D  in  Figure  2,  the  roof 
and  its  beams  under  these  conditions  would  move  1,8  inches  on  the  supporting 
column  between  its  largest  and  smallest  size. 

Figure  1  shows  the  directions  of  the  horizontal  forces  that  the  roof 
exerts  on  the  columns  during  expansion  and  contraction.  Figure  2  shov7S  these 
forces  broken  down  into  free  body  diagrams  for  three  various  positions.  At 
position  A,  the  line  of  force  is  at  ii5°  to  the  wall;  at  B,  60°;  and  at  C,  it 
is  perpendicular  to  the  wall.  At  A,  the  component  of  the  force  perpendicular 
to  the  wall  is  equal  to  the  component  of  the  force  parallel  to  the  wall.  As 
the  force  approaches  perpendicular,  as  in  B,  the  perpendicular  component  of 
the  force  increases  and  the  parallel  component  decreases.  V/hen  the  force  is 
perpendicular,  as  in  C,  there  is  no  parallel  component  and  there  is  no  force 
un  the  column  to  either  side. 
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The  total  displacement  or  movement  by  the  slab  is  greatest  at  the 
corners.  That  is  because  the  diagonal  distance  to  the  corner  is  greater 
than  any  other.  Such  movements  are  not  on  a  seasonal  basis  from  summer  to 
winter.  They  occur  daily.  As  the  temperature  rises  or  drops  even  a  few 
degrees,  the  roof  slab  is  expanding  or  contracting. 

In  our  particular  case  the  brass  plates  are  supposed  to  allovj  the  expan¬ 
sion  and  contraction  movement  to  take  place*  The  columns  are  supposed  to 
resist  movement  by  being  connected  to  concrete  pads  that  run  up  the  entire 
length  of  the  slope.  These  pads  resist  the  moment  caused  by  the  application 
of  forces  at  the  top  of  the  column  by  the  roof.  If  everything  is  vrorking 
right,  this  amount  of  resistance  is  greater  than  the  friction  forces  between 
the  two  brass  plates  and  the  brass  plates  then  slide  upon  each  other. 

The  conditions  found  in  Compton  Hill  Indicate  that  our  brass  plates  are 
no  longer  working  as  well  as  planned.  Columns  around  the  edges  are  leaning 
over  to  various  As  explained  previously,  the  columns  at  the  extreme 

edge  receive  the  most  lateral  force.  The  columns  near  the  center,  the  ones 
closest  to  the  perpendicular,  receive  very  little  lateral  force.  As  can  then 
be  expected,  the  columns  nearest  the  corners  lean  the  most.  In  some  cases 
the  column  appears  to  be  as  much  as  7  inches  out  of  plumb.  Near  the  center 
of  the  walls,  the  columns  still  appear  to  be  very  close  to  plumb.  The 
further  from  the  center  of  the  xvall  the  column  is,  the  further  out  of  plumb 
it  is. 

The  columns  do  not  lean  out  of  plumb  on  a  haphazard  pattern.  They  all 
lean  toward  the  center  of  the  wall.  This  tells  us  that  the  brass  plates  slide 
alright  while  the  roof  is  expanding  but  bind  up  during  the  contraction  cycle 
and  the  contraction  forces  pull  all  the  columns  toward  the  center. 

In  all  probability  this  has  been  going  on  constantly  since  the  roof  was 
put  on.  However,  the  condition  seems  to  be  worsening  rapidly.  When  the 
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reservoir  was  drained  in  the  fall  of  1970,  it  was  inspected  then.  All 
inspection  work  was  dbne  by  Water  Division  personnel,  I  talked  to  two  workers 
and  one  supervisor  who  had  been  there  in  the  fall  of  1970,  Both  workers 
saw  the  present  conditions  and  the  supervisor  v;as  shovm  sli^’os  of  our  present 
conditions.  All  three  had  climbed  the  slopes  to  inspect  both  corners,  v;here 
the  columns  at  present  are  furthest  out  of  plumb.  All  three  men  told  mo 
that  they  noticed  no  columns  out  of  plumb  at  that  time  and  all  three  tell  me 
that  they  would  have  noticed  the  columns  leaning  if  the  columns  would  have 
been  as  far  out  of  plumb  then  as  they  are  now. 

The  fact  that  none  of  the  three  m.en  noticed  the  columns  out  of  plumb 
leads  me  to  believe  that  most  of  this  movement  has  taken  place  in  the  last 
two  and  a  half  years*  The  columns  may  have  been  just  beginning  to  go  out  of 
line  then  and  no  one  would  have  noticed  that.  However,  once  something  like 
this  starts,  it  gets  progressively  worse.  The  more  the  column  leans,  the 
more  the  brass  plates  tend  to  bind  up,  and  the  column  will  be  moved  ar.  even 
greater  amount  on  each  successive  cycle. 

At  this  point  I  began  to  v:onder  if  there  was  any  relationship  between 
our  problem  and  the  construction  of  I-liU.  It  seemed  strange  that  all  this 
movement  would  occur  since  our  draining  the  reservoir  2-\/2  years  ago  for 
the  highway  construction.  As  yet,  I  have  found  no  correlation  beti\een  the 
two  facts.  Since  all  the  damage  can  be  directly  attributed  to  expansion  and 
contraction  of  the  roof,  it  appears  to  be  just  a  coincidence  that  they  occurred 
together. 

There  may  be  some  structural  trouble  if  this  is  allowed  to  continue  as 
is.  Some  of  these  columns  arc  not  far  away  from  leaning  so  far  as  to  give  no 
support  to  ends  of  some  roof  beams.  If  this  happens,  therr  may  br;  som.e  local 
failure  of  the  roof  slab  in  that  location.  This  situation  has  been  point <^0 
out  before  in  the  report  on  Compton  Hill  by  Sverdrup  and  Parcel. 
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The  soils  experts  at  Sverdrup  and  Parcel  tell  us  that  any  settlement 
along  the  north  slope  due  to  the  highvjay  construction  should  be  finished  and 
any  more  settlement  udll  be  very  minimal,  '•’ith  that  fact  taken  into  consider¬ 
ation,  I  agree  with  the  Sverdrup  and  Parcel  reoort  that  cori’ecting  our  problem 
vdth  the  columns  should  have  high-st  priority.  These  columns  must  be  plumbed 
and  repaired.  To  avoid  the  brass  plates  binding  again,  some  substance  should 
be  found  that  can  act  as  a  greascless  lubricant  between,  the  plates,  for 
example,  a  substance  like  Teflon, 

Other  coliamns  in  the  basin  also  show  the  effects  of  expansion  and  con¬ 
traction,  All  columns,  except  for  a  very  fev;  near  the  center,  shew  tension 
cracks.  These  are  caused  by  the  expansicn  cycle.  Every  column,  except  the 
prexT-ously  discussed  perimeter  columns,  are  tied  in  structurally  with  the 
roof  slab.  Since  the  two  basins  are  covered  by  two  individual  roof  slabs, 
the  center  around  which  the  expansion  and  contraction  take  place  lies  direct¬ 
ly  over  the  center  of  the  basin. 

As  the  roof  slab  expands,  the  top  of  each  column  is  pushed  in  an  out¬ 
ward  direction  away  from  the  center,  just  as  the  arrovjs  in  the  expansion 
diagram  of  Figure  1  point.  The  lx)ttom  of  each  column  is  held  firm  and  does 
not  move.  This  has  an  effect  of  bending  the  columns  away  from  the  center. 

Because  of  the  effects  of  thermal  expansion,  the  greater  the  distance 
from  the  center  the  column  is,  the  further  the  top  of  the  column  is  pushed. 
Near  the  center,  the  columns  are  tent  very  little  and  no  tension  cracks 
show  on  any  oolumns,  Hovrever,  only  a  short  distrance  from  the  center,  the 
columns  are  bent  enough  to  cause  tension  cracks  in  their  sides.  Concrete 
is  very  weak  in  tension  and  logically  tension  cracks  would  be  much  more 
prevalent  than  compression  failures. 

All  tension  cracks  appear  on  the  inside  ed^ o  of  the  column,  that  is,  on 
the  edge  nearest  to  the  center  of  the  basin.  At  the  columns  furthest  from 
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the  center,  near  the  ME  and  corners,  some  localized  compression  failures 
have  been  found,  also.  The  columns  have  not  failed;  just  some  small  areas  of 
the  column  show  a  flakey,  rose  petal  type  confifuration  typical  of  crushed 
concrete.  This  crushing  is  found  only  near  the  corners  on  the  short  columns 
half  way  up  the  slope,  and  are  on  the  side  of  the  column  av;ay  from  the 
center  of  the  basin.  The  longer  columns  at  the  floor  level  can  take  the 
same  amount  of  movement  without  crushing  because  of  their  much  greater 
length. 

Most  of  these  tension  cracks  appear  to  be  only  surface  cracks  that  harm 
nothing.  However,  many  are  deep  enough,  1-1/2  inches  or  more,  that  the  re¬ 
inforcing  bars  are  rusting  out.  Reinforcing  bars  are  also  rusting  out  of 
some  of  the  struts  connecting  the  columns.  The  rusting  is  not  very  exten¬ 
sive  and  is  not  critical  at  present. 

At  this  time,  the  structural  repair  has  been  given  priority  over  lining 
the  structure.  This  is  the  only  way  to  do  it  because  there  is  no  lining 
product  on  the  market  that  ;d.ll  hold  the  reservoir  to~ether  if  a  failure 
should  occur.  It  is  best  to  do  the  structural  repairs  now  and  line  it  later. 
Before  lining  takes  place,  the  reservoir  should  be  grouted  to  fill  rossible 
voids  beneath  the  structure  and  guard  against  any  possible  settlement  problems. 

Lining  the  reservoir  will  undoubtedly  stop  any  leaKage  problem  we  have. 

It  is,  however,  very  costly.  There  is  one  beneficial  side  effect  worth 
mentioning  that  would  result  from  the  lining  job  that  v;ould  save  us  money  in 
another  area  involving  maintenance.  That  is  the  problem  of  spalling  on  the 
outside  walls.  As  explained  before,  the  spalling  is  the  result  of  water  in 
the  outside  layers  of  the  saturated  concrete  walls  freezing  and  popping  the 
concrete  off.  This  vri.ll  continue  uo  happen  as  long  as  the  vjalls  are  in  their 
saturated  state. 
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If  the  reservoir  were  lined,  the  walls  would  eventually  dry  out  and 
only  normal  weathering  would  take  place,  as  in  any  ordinary  concrete  struc¬ 
ture.  The  wall  would  have  to  be  restored  one  more  time,  after  a  period  of 
time  to  allow  the  wall  to  dry  out. 

The  walls  of  Compton  Hill  are  not  in  good  shape  now,  and  will  need 
restoration  in  the  near  future.  The  last  restoration  job  was  completed  in 
October  of  i960  at  a  cost  of  $123»673.95,  only  13  years  ago.  The  walls 
would  have  to  be  restored  one  more  time  after  lining,  but  after  that,  the 
spalling  would  cease. 

One  thing  should  be  pointed  out  and  that  is  that  present  plans  are  to 
line  the  north  basin.  This  would  stop  spalling  on  the  outside  of  the  north 
basin  only  and  would  not  affect  the  spalling  on  the  south  basin.  To  stop 
the  spalling  everywhere,  both  basins  would  have  to  be  lined. 

When  the  opportunity  occurs,  the  south  basin  should  be  examined  more 
closely.  The  same  expansion  and  contraction  that  has  caused  us  structural 
problems  in  the  north  half,  has  been  occurring  in  the  roof  slab  over  the 
south  basin  also.  It's  possible  that  the  brass  plates  have  not  been  binding 
and  have  not  pulled  any  columns  over,  but  its  Just  as  possible  that  they 
have.  On  our  cursory  inspection  of  the  south  basin  this  spring  we  did  not 
have  the  time  or  equipment  to  check  this,  even  had  we  known  enough  to  look 
for  it,  I  cannot  say  at  this  time  what  condition  the  perimeter  columns  of 
the  south  basin  are  in.  Therefore,  they  should  also  be  checked  as  soon  as 
possible. 
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SECTION  III 


FOOTING  EXCAVATIONS 

A  series  of  excavations  were  made  to  check  the  condltlofi  of  the  footing 
beneath  the  vertical  wall.  Their  sizes  and  locations  are  shovm  on  Drawings 
myi  and  #14533. 

The  first  four  holes  were  dug  while  the  north  basin  was  still  drained. 
They  were  located  along  the  north  wall  at  distances  from  the  northeast  ' 
corner  of  I4O  feet,  13O  feet,  2U0  feet,  and  350  feet.  VJe  found  a  space  be¬ 
tween  the  footing  and  the  soil  beneath  it.  Apparently,  the  dirt  has  settled 
away  from  the  footing.  The  space  was  1-1/2  inches  in  #1  and  lessened  grad¬ 
ually  in  the  four  holes  to  about  1/2  inch  in  #l(. 

Excavation  #1  and  #2  nere  tunneled  back  to  the  steel  sheetpiling,  which 
is  about  I4  feet  back  from  the  edge  of  the  footing.  The  steel  sheetpile  was 
cast  into  the  footing  at  a  location  of  approximately  1  to  1-1/2  feet  outside 
of  the  exterior  surface  of  the  vertical  wall.  Only  the  top  2-3  feet  of  the 
steel  sheetpile  was  exposed.  It  seemed  in  good  shape.  The  footing  in  exca¬ 
vation  #1  had  a  vertical  crack  in  it  and  one  concrete  pile  had  a  tension 
crack  in  it.  Both  were  small. 

Because  of  the  cracks  found  in  excavation  #1,  we  dug  two  more  holes. 
Both  were  10  feet  from  the  northeast  corner  on  the  north  and  east  walls. 

They  were  also  tunneled  back  to  the  steel  sheetpile.  No  cracks  were  found 
in  any  concrete  piles  or  the  footing,  but  a  small  hole  was  found  in  the 
steal  sheetpile  in  excavation  #5. 

All  these  excavations  were  left  open  until  the  basin  was  filled.  The 
filling  took  place  over  a  weekend  and  when  we  returned  that  Monday  morning, 
all  the  excavations  had  water  in  them.  The  water  level  was  half  way  up  the 
footing,  approximately  at  177-170. 

V/e  tried  to  pump  them  out  but  water  kept  flowing  into  the  excavations 
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on  the  north  side  from  the  east.  We  began  to  use  a  second  punp.  It  was 
placed  in  the  excavation  on  the  east  wall  and  the  other  pump  was  used  on  the 
excavations  on  the  north  wall.  Water  was  observed  entering  excavation  #6 
from  the  south  side  along  the  underside  of  the  footing  next  to  the  steel 
sheetpile,  \ilhile  the  pump  in  hole  ftS  was  operated  constantly,  the  other 
excavations  remained  void  of  any  water  or  water  flow.  The  flow  out  of  the 
pump  in  hole  #6  was  estimated  at  55,000  gallons  per  day. 

No  water  was  observed  flowing  out  of  the  hole  in  the  steel  sheetpile  in 
hole  #5,  so  excavation  were  backfilled.  Excavation  #6  was  kept  pumped 

out  during  working  hours,  but  filled  again  every  evening. 

We  decided  to  investigate  idiere  the  flow  was  originating,  if  possible. 
To  that  end,  excavation  #7,  and  H9  were  dug.  These  were  each  backfilled 
in  turn  before  digging  the  next  one  because  the  water  flowing  next  to  the 
steel  sheetpile  Just  beneath  the  footing  was  each  time  observed  to  flow  from 
the  north. 

The  excavation  labeled  ^10  was  actually  Just  an  enlargement  of  ^6.  We 
found  the  source  of  the  water  in  this  one.  It  was  an  approximately  round 
hole  roughly  2  inches  in  diameter  located  17-1/2  feet  from  the  exterior 
surface  of  the  vertical  wall  of  the  northeast  corner.  It  was  about  6  inches 
below  the  footing.  An  estimated  955^  of  the  flow  was  coming  from  this  hole 
while  the  other  5?  came  from  the  south,  (the  same  as  was  noted  in  holes  #?- 
09). 

We  kept  this  hole  pumped  out  by  running  a  small  gasoline  pump  around 
the  clock  for  two  days.  The  flow  vms  directed  down  the  steps  at  the  north¬ 
east  corner  and  flowing  away  from  the  north  slope.  During  this  time,  the 
north  slope  dried  noticeably  and  the  flow  of  water  across  the  sidewalk  was 
stopped. 
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We  concluded  that  if  we  stopped  the  flow  of  water  out  of  sheotplie 
that  we  would  have  no  more  problems  with  the  north  slope,  and  could  save  the 
money  budgeted  for  the  lining.  It  icas  felt  that  piping  this  water  away  to 
the  nearest  sewer  could  lead  to  bigger  problems.  The  water  could  carry  away 
small  particles  of  soil  from  underneath  the  reservoir  and  cause  unwanted 
settlement  or  collapse. 

It  was  decided  to  try  to  nlug  the  hole,  A  wooden  plug  was  driven  into 
the  hole  and  a  quick  setting  mortar  was  applied  around  the  plug.  I'Jhen  checked 
the  following  morning,  the  excavation  had  water  in  it.  After  pumping  it  out, 
it  was  observed  that  the  plug  was  holding  and  was  watertight.  There  was  a 
flow  of  water  coming  into  the  excavation  from  the  north  side,  where  previously 
there  was  none* 

We  re-excavated  hole  #5  to  check  to  see  if  the  water  had  taken  a  slight 
change  in  path  and  was  using  the  hole  in  the  sheetpile  observed  earlier  in 
#5*  It  was  not.  No  water  was  coming  through  the  sheetpile  at  that  point. 

We  than. plugged  the_hole  with  quick  setting  mortar  .anyx-ray,  V/ater. 

was  flowing  along  the  sheetpile  beneath  the  footing  and  was  coming  from  the 

west,  where  previously  there  was  no  flow.  V/e  then  backfilled  #5, 

VJe  decided  not  to  pursue  locating  the  source  of  water  any  further.  We 
felt  that  no  matter  what  we  did,  the  water  would  find  another  v;ay  out. 

As  long  as  we  had  the  equipment  on  the  job,  we  excavated  in  other  loca¬ 
tions  to  compare  them  to  our  trouble  spot  at  the  northeast  corner. 

Excavation  #11  was  dug  30  feet  north  of  the  division  wall.  A  gap  was 
found  under  the  footing  that  measured  1-1/2  inches.  No  water  was  observed 
flowing  anywhere,  but  we  did  not  tunnel  back  to  the  sheetpile. 

Excavation  #12  was  dug  30  f«et  south  of  the  division  wall.  As  the  hole 
was  dug  below  the  footing,  soil  began  sloughing  away  from  under  the  footing 
and  water  was  seen  coming  into  the  hole.  Further  digging  under  the  footing 
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exposed  the  end  of  a  very  rusty  6  inch  water  main.  Water  was  trickling  out 
of  the  end  of  the  pipe  and  also  out  of  the  pipe  trench  surrounding  the  oipe. 
The  pipe  was  running  parallel  to  the  vertical  i-iall,  under  the  footing  in  a 
northerly  direction  towards  the  east  gate  chaoiber.  No  further  exploratory 
work  was  done. 

Excavation  #13  was  dug  at  the  east  wall,  10  feet  north  of  the  southeast 
corner.  A  gap  of  1-1/2  Inches  was  observed  beneath  the  edge  of  the  footing, 
but  no  water  was  seen.  The  hole  was  not  tunneled  back  to  the  steel  sheetpile. 
Excavation  #13  was  backfilled  after  observation  was  completed  as  was  #11  and 
#12.  We  felt  that  further  digging  would  not  produce  any  new  information  so 
excavation  investigation  was  halted. 
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